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PREFACE

The all-nation catch of groundfish in the @ulf of Al aska
in 1987 was 142,657 nmetric tons (t?, an increase of 9% from
124,870 t in 1986. Catches of walleye pollock (Theragra
chal cogramma) declined 15% (10,793 t) between years to the
| onest |evel since the inplenentation of the Magnuson Fishery
Managenent Act of 1976 (Table A). Increased catches were
observed for sablefish (Anoplopoma finbria), Pacific cod (&dus
macrocephal us), shortspine thornyheads (Sehastol obus
alascanus), the rockfish species of the slope rockfish
assenbl edge (Sebastes spp.), and the species conprising the
flatfish category.

The fisherg category conposition of the catch continued to
change from 1986 to 1987. During 1986, the joint venture
fishery caught 52% of the total groundfish catch, where in
1987 the U S. donestic fisheries portion of the catch increased
from48 to 77% of the total. No non-U S. fishing was all owed
inthe Gulf of Alaska in 1987.

Al though the 1988 fishing season is still under way at
this witing, the overall catch may increase again (partially
by regul atory design). From 1986 to 1987, total catch quotas
were 1 ncreased for sablefish, Pacific cod, slope rockfish
specfes, ﬁ?d the flatfish species which nmay increase the final
total catch.

Presented here are 14 papers contributed by U S.
scientists dealing wwth the GQulf of Al aska groundfish
resources. Eleven papers sunmarize current (1988) infornation
on commercial species or groups of species. There is also a
description of the Shelikof Straits pollock popul ation as
di scerned from the 1988 m dwater/hydroacoustic survey and an
eval uation of the gulfw de sablefish resource fromthe
cooperative Japan-U S. longline survey. Finally, the 1988 U. S
research surveys are reviewed and plans for 1989 outlined..



Table A --Qulf of Al aska groundfish: optimum yield/target quota

(OY/TQ , catch in metric tons (t) 1977-88,° and current
status of stocks for the mmjor species and speci es
managenment groups.

Species Catch Status

and year 0Y/TQ Foreign J. venture Domestic Total of stock

Walleye pollock

1977 150,000 117,834 0 228 118,062

1979 168,800 96,392 34 1,044 97,470

1980 168,800 103,187 566 2,031 105,784

1981 168,800 130,324 16,857 563 147,744

1982 168,800 92,612 73,917 2,217 168,746

1983 256,600 81,358 134,131 120 215,609

1984 416,600 99,260 207,104 329 306,693

1985 321,600 31,587 237,860 15,379 284,826

1986 116,600 114 62,591 10,088 72,793

1987 108,000 - 22,800 39,200 62,000

1988 93,000 - - 20 20 Fair

Sablefish

1977 22,000 15,597 0] 1,179 16,776

1978 15,000 7,128 0 1,738 8,866

1979 13,000 6,885 18 3,447 10,350

1980 13,000 6,139 20 2,384 8,543

1981 12,300 7,975 0 1,941 9,916

1982 12,300 5,645 1 2,910 8,556

1983 8,980 4,965 275 3,761 9,001

1984 8,980 1,108 528 8,594 10,230

1985 8,980 38 226 12,215 12,479

1986 15,000 1 45 20,748 20,794

1987 20,000 - 180 26,145 26,325 At MSY

1988 28,000 - 22,725 22,725 Level

Pacific cod

1977 6,300 1,988 0 270 2,258

1978 40,600 11,371 7 785 12,163

1979 34,800 13,174 713 985 14,872

1980 60,000 34,245 466 611 - 35,322

1981 60,000 34,969 58 1,060 36,087

1982 60,000 29,936 193 2,250 32,379

1983 60,000 29,7717 2,426 4,198 36,401

1984 60,000 15,897 4,649 3,231 23,777

1985 60,000 9,086 2,266 2,954 14,306

1986 75,000 15,211 1,357 8,052 24,620

1987 50,000 - 1,978 29,150 31,128

1988 80,000 - 942 24,415 25,357 Good



Tabl e A --Conti nued.

Species Catch Status
and year oY/TQ Foreign J. venture Domestic Total of stock
Atka mackerel

1977 22,000 19,455 0 0 19,455

1978 24,800 19,588 0 0 19,588

1979 26,800 10,948 1 0 10,949

1980 28,700 13,163 3 0 13,166

1981 28,700 18,727 0 0 18,727

1982 28,700 6,760 0 0 6,760

1983 28,700 11,470 790 0 12,260

1984 28,700 537 585 31 1,153

1985 5,278 2 1,846 . 0 1,848

1986 5,278 Tr 4 0 4

1987 240 - 1 0 1

1088 240 - 0 42 42 Depressed
Pacific ocean perch

1977 30,000 23,4390 0 12 23,451

1978 25,000 8,174 0 5 8,179

1979 25,000 9,750 68 105 9,923

1980 25,000 12,447 20 4 12,471

1981 25,000 12,176 1 7 12,184

1982 11,475 7,988 3 2 7,993

1983 11,475 5,416 1,975 15 7,406

1984 11,475 2,599 1,734 119 4,452

1985 6,083 8 254 825 1,087

1986 3,702 0 36 2,924 2,960

1987 5,000 - 112 4,868 4,980

1988 16,800C - 5 11,637 11,642 Depressed
Thornyheads

1977 - od od 0® 0

1978 - od od o€ 0

1979 S od 0d 0e 0

1980 3,750 1,351 0 o€ 1,351

1981 3,750 1,340 0 0€ 1,340

1982 3,750 788 0 o€ 788

1983 3,750 718 12 o€ 730

1984 3,750 164 19 24 207

1985 3,750 4 8 69 81

1986 3,750 0 1 861 862

1987 3,750 - 20 1,945 1,965

1988 3,750 - 0 1,769 1,769 Fair



viii

Tabl e A --Conti nued.

Species Catch Status
and year 0Y/TQ Foreign J. venture Domestic Total of stock
Flatfish

1977 23,500 16,038 0 684 16,722

1978 33,500 14,341 5 852 15,198

1979 33,500 13,474 70 384 13,928

1980 33,500 15,497 209 140 15,846

1981 33,500 14,443 18 403 14,864

1982 33,500 8,986 : 18 274 9,278

1983 33,500 9,531 2,692 439 12,662

1984 33,500 3,033 3,449 ‘ 432 6,914

1985 33,500 170 2,447 461 3,078

1986 14,380 71 961 1,519 2,551

1987 13,500 - 7,207 2,718 9,925

1988 23,000 -- 1,000 6,423 7,423 Good
Squid

1977 - od 0 0 0

1978 2,000 322 0 0 322

1979 5,000 425 0 0] 425

1980 5,000 841 0 0 841

1981 5,000 1,135 0 0 1,135

1982 5,000 278 16 0 294

1983 5,000 267 4 0 271

1984 5,000 . 120 5 0 125

1985 5,000 6 7 0 13

1986 5,000 0 7 0 7

1987 5,000 - 4 0 4 Probably
1988 5,000 ‘ - 35 0 35 good
Other speciesf ‘

1977 16,200 4,642 ‘ 0 NA 4,642

1978 16,200 5,989 1 NA 5,990

1979 16,200 " 4,0814 344 NA 4,115

1980 16,200 5,555 49 NA 5,604

1981 16,200 7,112 - 33 NA 7,145

1982 16,200 2,049 301 NA 2,350

1983 18,743 2,255 391 NA 2,646

1984 . 28,780 576 1,268 NA 1,844

1985 22,460 97 2,246 . . NA 2,343

1986 12,186 146 255 'NA 401

1987 10,312 - 178 75 253 Appears

1988 10,312 - 99 515 614 good

Tr = Trace.
NA = Not available.

Notes continued next page.



Table A --Continued.

%Catch in 1988 includes |andings reported through 20 August 1988.

“Japan reported only a "rockfish catch, " reported here as Pacific

ocean perch.

‘TQ value is for the "slope rockfish" management assenbl age and
i ncl udes species other than Pacific ocean perch.

“There probably were small catches of thornyheads in 1977 and 1978
(and squid in 1977) but the source used here (Berger et al. 1986)
does not |ist them because OY had not yet been established.

*Thor nyheads were included in the "other species" category.

"After numerous changes, the "other species" category was stabilized
in 1981 to include sharks, skates, scul pins, eulachon, capelin
(and other snelts in the famly (sneridae) and octopus.

Sour ces: 1) the OY and the foreign joint venture catches 1977-84.
adapted from Berger et al. (1986), 25 the OY and the foreign joint
venture catches 1985: Berger et al. (1987), and 3) the OY and the.
foreign and joint venture catches 1986: personal” comunication with
Jerald Berger, U.S. Foreign Fisheries Observer Program Northwest and
Al aska Fisheries Center, National Mrine Fisheries Service, NOAA 7600
Sand Point Way NE., BIN C15700, Building 4, Seattle, WA 98115 3)
domestic catches 1977-80: Rigby (1984) and 4) donestic catches 1981-
88: Pacific Fishery Information Network (PacFIN), Pacific Mrine

Fi sheries Commission, 305 State Ofice Building, 1400 SW Fifth
Avenue, Portland, OR 97201.
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GULF OF ALASKA WALLEYE POLLOCK
POPULATI ON ASSESSMENT AND STATUS OF THE
RESOURCE AS ESTI MATED I N 1988

by
Bernard A Megrey

| NTRODUCTI ON

Wl | eye Eollock (Theragra chal cogramm) is a sem denersa
schooling fish that is widely distributed throughout North
Pacific tenperate and subarctic waters. In the Gulf of Al aska,
maj or expl oitable concentrations are found primarily in the
central and western regulatory areas (long. 170-147°W (Fig. 1).
Pollock fromthis region are managed as a unit stock since they
are considered separate fromthose in the Bering Sea, Al eutian
| slands, and the eastern Gulf of Alaska (Alton and Megrey 1986).
Shelikof Strait is a known major pollock spawning area in the
Qul f of Al aska al though other spawning |ocations in the western
and central Qulf have been inferred fromthe occurrence of eggs
and | arvae (Nelson and Nunnallee 1985; Nelson and Nunnall ee
1987). Previously these areas were judged to be of m nor
relative inportance when conpared to the Shelikof area.

The pollock fishery in 1987 renuained essentially unchanged.
The North Pacific Fisheries Managenent Council established an
accept abl e biol ogi cal catch (ABC) in 1987 of 90,000 t. Al of
this was allocated to donestic fisheries. By nidyear only a
portion of this amount was taken by domestic fisheries so 20,000
t of the ABC was transferred to joint venture fisheries. For ei gn
fisheries once again received no allocation.

In this report current findings on the central and western
Qul f of Al aska walleye pollock resource are presented in three
main sections. First, sunnarK catch statistics of pollock
fisheries in the @ulf of Alaska from 1987 along with prelimnary
data fromthe spring 1988 fishery are presented including data
through 10 August 1988. Second, the-status of the resource is
updated on the basis of an age-structured analysis that includes
catch-at-age data through the 1987 cal endar year. Third, a
series of stock forecasts (1986-90, 1987-90, and 1988-90) of
st ock abundance and conposition is presented.

CATCH HI STORY

Catches of pollock fromthe Gulf of A aska in 1987 were
taken by three distinct fisheries: a sprin? donmestic fishery
fishing primarily in Shelikof Strait, a fall donestic fisherY
fishing entirely on the east side of Kodiak Island, and a fa
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joint venture fishery fishing exclusively in the International
North Pacific Fisheries Commssion (INPFC) Shumagin statistical
area during Cctober. The port sanpling program which was
initiated 1n the spring of 1987 to sanple catches fromthe
donestic fisheries, was carried out again in the spring of 1988.
Additionally, a pilot donmestic observer program began which

pl aced observers directly on the donestic fishing vessels.

Prior to 1987, estimates of |length and age conposition of
pol | ock taken by the joint venture fisheries were based on data
collected by U S. observers. These data served as the prinmary
nmeans of nonitoring length and age conposition trends in the
exploited stock. The new port sanple and donestic observer
programs were started in 1987 in order to conpensate for the |oss
of biological data usually collected fromthe joint venture
fishery. The port sanpling data collection procedures are
described in Megrey (1987).

The overall pollock catch in the GQulf of A aska in 1987 was
62,000 t--down 26% from 1986 (Table 1, Fig. 2). For the second
consecutive year foreign fleets caught no pollock, except for a
few taken incidentally in 1986 by the Japanese |ongline cod
fishery. A time series of foreign catches is presented in
Tabl e 2. Joint venture fisheries took a total of 22,800 t in
1987, a drop of 64%fromthe 1986 |evel. Donesti ¢ catch
increased for the third consecutive year to 39,200 t--up 84% from
1986. Donestic fisheries took 63% of the total 1987 gulf pollock
harvest with the remaining 37% taken by joint venture fisheries.
In total, 58% of the 1987 pollock harvest (36,026 t) was taken in
the North Pacific Fisheries Managenment Council (NPFMC) Centra
Regul atory Area (Table 3).

Catch Categories

Forei gn Fi sheries

As in 1986, foreign fisheries received no catch allocation
in 1987. Even though a small incidental catch was recorded in
1986 (114 t) no catch at all was taken in 1987 (Table 3). As
mentioned above, this is the second consecutive year that no
foreign nation took pollock in the @Gulf of Al aska--a sharp
contrast to past years when several foreign nations accounted for
essentially all of the catch (Fig. 2).

Joint Venture Fisheries

The catch of pollock by joint venture fisheries in 1987
dropped sharply for the second consecutive year (Table 1). In
contrast to the 1983-85 period, when harvest |evels ranged from
100, 000 to 200,000 t, the catch in 1987 canme to only 22,800 t, or
37% of the total 1987 pollock harvest.



Table 1. --Catch of pollock (1,000 t)
1977- 88.

fishery category,

inthe @ulf of Al aska by

Fishery category

Domestic
Year Foreign JVP DAP Total
1977 117.8 - 0.2 118.0
1978 96.4 Tr 1.0 97.4
1979 103.2 0.6 2.0 105.8
1980 113.0 1.1 0.9 115.0
1981 130.3 16.9 0.6 147.8
1982 92.6 73.9 2.2 168.7
1983 81.4 134.1 0.1 215.6
1984 99.3 207.1 0.3 306.7
1985 31.6 237.9 15.4 284.9
1986 0.1 62.6 21.3 84.0
1987 0.0 22.8 39.2 62.0
1988* 0.0 Tr 19.8 19.8

*Through 10 Aug, 1988.
Tr = Trace (< 100 t).

Sour ces:

et al. (1986);

Foreign and joint venture catches 1977-84--Berger

(PacFIN), Pacific Mrine Fisheries Conm ssion,
2000 SW First Avenue,

Suite 170,

Donestic catches 1978-80--Righy (1984);

JVP= joint

DAP = donestic annual

venture processing.

processi ng.

1985-88-- Pacific Fishery Information Network
Metro Center,
Portland, OR 97201.
1981- 88- - PacFI N.
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Figure 2. --Total catch of pollock in the western and central QGulf
of Al aska by foreign, joint venture and donestic
fisheries, 1964-87. Catches in 1988 are prelimnary.



Table 2. --Catch of pollock (t) in the Qulf of Al aska by foreign
nation, 1964-88.

Year Japan USSR ROK Poland Mexico Total
1964 1,126 Unknown 1,126
1965 2,749 " 2,749
1966 8,932 " 8,932
1967 6,276 " : 6,276
1968 6,164 " 6,164
1969 17,553 " 17,553
1970 9,343 " 9,343
1971 9,018 440 9,458
1972 13,696 20,385 34,081
1973 6,706 30,130 : 36,836
1974 30,433 31,000 447 61,880
1975 13,032 39,949 5,900 631 59,512
1976 11,796 37,825 36,906 0 86,527
1977 41,170 39,570 35,838 1,256 117,834
1978 26,093 42,020 27,052 1,227 96,392
1979 31,920 17,300 25,739 19,551 8,677 103,187
1980 37,897 37,001 25,013 13,086 0 112,997
1981 51,885 0] 38,552 39,887 0 130,324
1982 55,046 0 37,566 0 0 92,612
1983 47,725 0 33,633 0 0 81,358
1984 57,874 0] 38,554 2,832 0] 99,260
1985 22,937 0 8,650 0 0 31,587
1986 114 (a) 0] 0 0] 0 114
1987 0 0 0 0 0 0
1988 0 0 0 0 0] 0

Sources: 1964-76--personal communication with Jerald Berger, US.
Forei gn Fishery Cbserver Program Northwest and Al aska Fisheries
Center, National Marine Fisheries Service, NOAA, BIN C15700, 7600
Sand Point Way NE., Seattle, WA 98115 (catches reported b
foreign nations thenselves); 1977-84--Berger et al. (1986); 1985-
&$--Pacific Fishery Information Network (PacFIN), Pacific Mrine
Fi sheries Comm ssion, Metro Center, Suite 170, 2000 SW First
Avenue, Portland, OR 97201.



Table 3. --Catch (t) of pollock in the Gulf of Al aska by fishery
category and North Pacific Fisheries Managenent Council
regul atory area, 1985-88.

Regulatory area

Fishery All
category Year Western Central Eastern areas
Foreign 1985 23,821 7,766 0 31,587
1986 72 42 0 114
1987 0 0 0 0
1988%* 0 0 0 0
JVP 1985 12,246 225,614 0 237,860
1986 6,434 56,157 0 62,591
1987 22,657 165 0 22,822
1988%* 0 75 0 75
DAP 1985 8,458 6,920 0 15,378
1986 750 20,506 70 21,326
1987 3,341 35,835 0 39,716
1988* 415 19,281 64 19,760
Total 1985 44,525 240,300 0 284,825
1986 7,256 76,705 70 84,031
1987 25,998 36,000 0 61,998
1988* 415 19,356 64 19,835

*Through 10 August 1988.

Sour ce: Pacific Fishery Information Network (PacFIN), Pacific
Marine Fisheries Conm ssion, Metro Center, Suite 170, 2000 SW
First Avenue, Portland, OR 97201.



In 1987 joint venture and domestic fisheries took nost of
their catches fromthe Wstern and Central Regul atory Areas,
respectively (Table 3).

Joint venture fisheries essentially took their entire
harvest (99% fromthe Western Regulatory Area. (nly a very
smal | percentage (165 t) was taken in the Central Regul atory
Area, but this probably represents incidental catches (Table 3).
This pattern contrasts the 1985 and 1986 seasons where nost of
the joint venture catch was taken in the Central Area.

Three types of joint venture fisheries took pollock in 1987:

1) Flatfish Joint Venture: Foreign vessels operating in
the flatfish joint venture fisheries producing frozen
products from catches delivered by U S. fishing
vessel s.

2) Surim Joint Venture: Foreiﬂn vessel s operating in the
roundfish joint venture fisheries producing surim from
the catches delivered by U S. fishing vessels.

3) Freezer Joint Venture: Foreign vessels operating in the
roundfish joint venture fisheries producing frozen
produFts fromthe catches delivered by U S. fishing
vessel s.

Three nations participated in the 1987 joint venture
fisheries in the western and central Qulf of Al aska: Japan, the
Republic of Korea (R O K') and the People's Republic of China

PROC). Essentially all of the 1987 joint venture catches

22,822 t) were taken in the fourth quarter from the Shumagin
IINPFC area (Table 4). Less than 1% of the total joint venture
catch (97 t) was taken in the Central Regulatory Area during the
third quarter (Table 4).

Surim, freezer, and flatfish joint ventures accounted for
11,743 t (51%, 10,014 t (44%, 165t (69 of the total joint
venture harvest, respectively (Table 5). "As in years past, Japan
was the primary harvester, taking 52% (11,908 t) of the total
joint venture catch. O Japan's joint venture catch, 11,743 t

99% was taken by surim joint ventures and the remaining 165 t

199 was taken by flatfish joint ventures. In terns of total
joint venture catch, RQOK followed with a harvest of 9,599 t,
or 42%of the total joint venture catch. The R QK. participated
only in freezer joint ventures, with this type of fishery
accounting for their entire harvest. The PPROC followed in
order with catches of 1,315, or 6% of the total joint venture
catch. The PPRQC only participated in freezer joint ventures.



Table 4. --Catch (t) of pollock in the GQulf of Al aska by fishery

category, quarter, International North Pacific
Fi sheries Conm ssion regul atory area, 1987.
Quarter

Fishery
Area category 1 2 3 4 Total
Shumagin  DAP 620 399 1,635 687 3,341

JVP 0 0 0 22,657 22,657

Total 620 399 1,635 23,344 25,998
Chirikof  DAP 83 0 90 16 189

JVP 0 0 1 24 25

Total 83 0 91 40 214
Kodiak DAP 6,333 1,855 7,456 20,002 35,646

JVP 0 0 95 45 140

Total 6,333 1,855 7,551 20,047 35,786
Total DAP 7,036 2,254 9,181 20,705 39,176

JVP 1] 0 96 22,726 22,822

Total 7,036 2,254 9,277 43,431 61,998
Sour ce: Pacific Fishery Information Network (PacFIN), Pacific

Mari ne Fi sheries Conm ssSion,

First Avenue,

Metro Center
Portland, OR 97201

Suite 170, 2000 SW
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Table 5. --Catch of pollock, (t) by joint venture (JV) fisheries in
the Gulf of Alaska by nation, fishery type, and
I nternational North Pacific Fisheries Conm ssion
statistical area, 1987.

Fishery Type

Nation Area Surimi Jv Freezer JV Flatfish JV Total
U.S.~- Shumagin 0 9,599 0 9,599
R.0.K Chirikof 0 0] 0 0
Kodiak 0 0 0 0
Total 0 9,599 0o 9,599
Uu.s.- Shumagin 11,743 0] 0 11,743
Japan Chirikof o} o] 25 25
Kodiak 0 0 140 140
Total 11,743 o 165 11,908
U.S.- Shumagin 0 1,315 0 1,315
P.R.0.C. Chirikof 0 0 0 0
Kodiak 0 0 ‘ 0 0
Total 0 1,315 0 1,315
Total Shumagin 11,743 10,914 0 22,657
Chirikof 0 0 25 25
Kodiak - 0 ‘ 0 140 140

Total 11,743 10,914 165 22,822

Sour ce: Personal communication wth Jerald Berger, U 'S. Foreign
Fi sheries CQbserver Program Northwest and Al aska Fisheries
Center, National Marine Fisheries Service, NOAA BIN C15700, 7600
Sand Point Way NE., Seattle, WA 98115.
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1987 Donestic Fisheries

As in 1986, the major elenent of the 1987 U.S. donestic
fishery was a fleet of Kodi ak-based catcher vessels that
delivered their catches to shore-based processing plants on
Kodi ak Island. The donmestic fleet was active during two periods
in 1987. In the spring the fleet fished Shelikof Strait and in
the fall the% fished outside of Shelikof, concentrating their
efforts on the east side of Kodiak Island (Fig. 3).

In 1987, donestic fisheries in the Qulf of Al aska harvested
39,200 t of pollock (Table 1) or 63% of the total pollock
harvest. Most (35,861 t, 91% of this catch was taken fromthe
NPFMC Central Regul atory Area (Table 3) although a small fraction
(3,341 t, 9% was harvested fromthe NPFMC Western Regul atory
Area. In terns of tenporal distribution (Table 4), about 53% of
t he domestic catch (20,705 t) was taken in the fourth quarter
First, second, and third quarter donestic catches anounted to
7,036 t (18%, 2,254 (6%, and 9,181 (23%, respectively. O the
total donmestic harvest, the spring fishery (Jan.-Apr.) took 8,395
(21%), While the fall fishery took 30,781 t (79%.

: {sheri

Through 10 August 1988 the donestic fleet took 19,760 t of
pollock (Table 3). Mst of this ampbunt was taken from Sheli kof
Strait in the NPFMC Central Regulatory Area. Figure 4 shows the
areas wWithin the strait where the donestic fisheries were active
in the spring of 1988.

Length Conposition
Joint Venture Fisheries

Estimates of |ength and age conposition of pollock taken by
the joint venture fisheries are based on data collected by U S
observers. Nelson et al. (1981) described the sanpling procedure
used by observers to obtain length information and age
structures, LalLanne (1979) described the procedures for
determning the age of pollock fromotoliths, and Kinura (1987)
descri bed the procedure for estimating the age conposition of
pol | ock cat ch.

Length freqpenc¥ hi stograns of the 1987 pollock sanples are
presented by nation for the US -ROK , U SJapan, and U.S. -
P.ROC joint venture fisheries in Figure 5. Overall, nodal

| engths ranged from49 to 50 cmfor nales and 51 to 52 cmfor
females. There was a consistent 50 cm |l ength node for sexes
conbined. Moddal lengths were fairly consistent across nation,
perhaps reflecting the fact that all joint venture |length _
frequency sanples were taken in the sane area (Shumagin) during



Figure 3. --Locations of donestic fishing activity in spring and
fall of 1987.
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the sane nmonth (Cctober). The slight increase in nodes from 49
to 52 cmin 1987, relative to the 1986 nodes of 45 to 51 cm
reflects the continued inportance of the 1978 (g-gear-old) year
class in the catch (Table 6). Also nodes in the 34 to 37 cim
range represent the 1984 year class as 4-year-olds.

: sher|

Pol I ock |ength frequency histograns constructed fromthe
1987 spring and fall donmestic fisheries port sanple data are
presented in Figures 6 and 7, respectively. The spring data were
stratified with respect to the origin of the catch based on
ski pper interviews conducted by one of the port sanpling team
In the spring fishery nodal |engths ranged from48 to 54 cmfor
males, fromb52 to 54 cmfor fenales, and from48 to 54 cmfor the
sexes conbined (Fig. 6). The increase in the sexes-conbined node
from47 to 48 cmin 1986 to 48-54 cmin 1987 plus the continued
peaked shape of nobst of the histograns reflect the continued
i nportance of the 1978 (g-year-ol h_and 1979 (8-year-old) year
classes in the Shelikof fishery. i stograms from Shelikof Strait
and the east side of Kodiak Island show substantial differences
in shape. Hstograns fromthe latter sanple are nuch | ess peaked
and have larger nodes. To the extent that the catches fromthese
two areas are true representations of the underlying popul ations,
t hese data suggest that the age conmposition of the pollock stock
on the east side of Kodiak Island is different fromthe age
conmposi tion of the Shelikof stock.

Data fromthe 1987 fall donestic fishery (Fig. 7) are
multinmodal, wth nodes in the 30-32 cm 42-43 cm and 54-57 cm
ranges. These length groups represent ages 2-3, 6, and 8-9-year-
olds from the 1984-85, 1981, and 1978-79 year classes. The nost
notabl e difference between Figures 6 and 7 is a strong presence
of small pollock fromthe fall domestic fishery in the |ength
range of 28-32 cm Pollock fromthis year class did not appear
in the spring Shelikof catches nor did they appear in the spring
catches fromthe east side of Kodiak Island.

1988 Donestic Fisheries

Pol l ock I ength frequency histogranms fromthe 1988 spring
donestic fishery are presented in Figure 8. These histograns
were constructed fromdata collected by the port sanpling team
and the fall domestic observers. Al of these data canme from
Sheli kof Strait. The histograns are multinmodal wth noda
lengths at 22 cmand ranging from 33-34 cm 38-41 cm and 46-49 cm
for males, and at 22 cm and ranging from34-36 cm and 46-54 for
femal es.  For combi ned sexes nodal |engths aﬂpear at 22 cmand 49
cm(Fig. 8. Wen conparing Figure 8 with the 1987 Shelikof
sanple in Figure 6 several differences are apparent. First, in
Shelikof Strait no small pollock were taken in 1987, whereas in
1988 fish from20 to 40 cmlength groups were wel |l sanpl ed.

Second, the histograns from 1988 are nuch nore dispersed relative
to the 1987 histograns. Wether these data indicate true



Table 6.-- Catch (t and 1,000s of fish) of pollock by joint venture and donestic fisheries in the

@l f of Alaska by age, reporting area,* and season, 1987.
Shelikof Outside the
reporting Shelikof reporting
area, Jan.-Apr. area, May-Dec.

Spring Fall joint Fall
Age damestic venture domestic Damestic Grand
(yrs) fisheries fisheries fisheries total total

t nos. t nos. t nos. t nos. t nos.
1 0 0 0 0 0 0 0 0 0 0
2 0 0 2,687 2,995 5,384 5,831 5,384 5,831 8,071 8,826
3 39 40 1,945 2,168 10,912 11,818 10,951 11,858 12,896 14,026
4 558 576 1,007 1,122 5,818 6,300 6,376 6,876 7,383 7,998
5 914 944 2,297 2,560 3,130 3,390 4,044 4,334 6,341 6,894
6 2,279 2,352 2,199 2,451 1,507 1,632 3,786 3,984 5,985 6,435
7 1,131 1,168 3,831 4,270 1,609 1,742 2,740 2,910 6,571 7,180
8 987 1,019 2,306 2,570 559 605 1,546 1,624 3,852 4,194
9 2,221 2,294 5,455 6,080 1,456 1,577 3,677 3,871 9,132 9,951
10 166 171 757 644 406 440 572 611 1,329 1,455
11 100 103 338 377 0o 0 100 103 438 480
Total 8,395 8,667 22,822 25,237 30,781 33,335 39,176 42,002 61,998 67,439

*See Megrey (1987) for a description of

t he Shelikof and non- Shelikof Reporting Areas.

9T
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differences in age conposition again depends on the extent to
whi ch catches from these two periods are true representations of
t he underlying Eopulations. Once again these data show the

i nportance of the 1978 year cl ass.

In the spring of 1988 there were two occasions in March
where the catch of a donestic fishing vessel was sanpled on the
Shel i kof Strait fishing grounds by a donestic observer and then
sanpl ed again by the port sanpler once the catch was delivered.
This double sanpling of the catch was carried out specifically to
address a question posed |ast year at the beginning of the port
sanpl e program as to whether the port sanple was giving a true
representation of the |ength conposition of the catch. A
potential problem concerning bias in the port sanple |length
conposition sanple related to the timng of the sanple relative
to the offloading process was al so rai sed.

A conparison of the length frequency histograns fromthe two
sanPIes for the two dates are presented in Figure 9. On the
3/3/88 sanpling date, the port sanple length frequency appears to
have m ssed the 28-31 cm node evident in the donmestic observer
sanple and the port sanple length frequencies seemto have well -
defined nodes in the 52 cmrange conpared to the donestic
observer sanple. On the 3/12/88 sanpling date, |ength
frequencies from both sanples once again are not simlar with
respect to nodes. Mean lengths are consistently smaller in the
port sanple. Presence of very small fish in the 20-21 cmlength
range are conpletely mssing fromthe port sanple. The port
sanpl e data (sexes conbi ned) show a strong node at 34 cm whereas
t he donestic observer sanple does not. Also the 30 cm node
evident in the domestic observer sanple is mssing in the port
sanple. Unfortunately, it is not possible to speculate as to why
these differences exist because the tinme the port sanples were
taken during the offloading process is not known.

Age Conpositon

Age conposition estimates fromthe 1987 commercial fisheries
and 1987 research surveys are presented in Figure 10. Panel A
(Fig. 10) shows age conposition estimates fromthe three 1987
comrercial fishery conponents. Age conposition estimates from
the spring donestic fishery and the fall joint venture fishery
were very simlar with respect to the strong show ng of the 1978
year class as 9-year-olds despite the w de geographic range of
the catches. The 1981 year class as 6-year-olds made up al nost
30% of the catch of the spring donmestic fishery but that age
group only contributed 10%to the catch of the joint venture
fishery. There is a substantial difference in age conposition of
the catch taken by the fall domestic fishery and the spring
domestic/fall joint venture fisheries. Mre young pollock were
taken in the fall domestic fishery with the 1584 year class as
4-year-olds contributing alnost 40%to the total catch. The 1985
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1988.
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year class as 2-year-olds and the 1983 year class as 4-year-olds
were also inportant. Very few ol der pollock were taken by the
fall domestic fishery.

Panel B (Fig. 10) shows age conposition estimates fromthe
two 1987 research surveys, the spring Shelikof Strait
hydroacoustic survey and the summer triannual bottom traw
survey. Recall that the hydroacoustic survey experienced a
transducer nmal function in 1987 (Nunnallee 1987) so age
conposition estimates fromthis survey are available only on a
relative scale (right side of figure). I n the Shelikof survey
the 1984 year class as 3-¥ear-olds and the 1985 year class as 2-
year-olds made up a signiticant portion of the catch, while in
the bottomtraw survey the 1984 and 1985 year classes nmade up
over 50% of the catch. The 1978 and 1981 year classes al so
showed up in the bottomtrawl survey as 6- and 9-year-olds
?inLlar to the spring domestic and fall joint venture comrercia

i sheries

Figure 11 shows age conpositions derived from 1987 bottom
traw nunerical abundance estimates. Abundance estinates are
derived from weighted catches per unit effort. The dom nance of
the 2-year-old 1985 year class in the bottomtrawl survey was
evi dent throughout the entire GQulf of Al aska but less so in the
Chiri kof and Kodi ak I NPFC statistical areas. Also the 1984 Year
class as 3-year-olds was prevalent in all areas, but especially
in the Kodiak, Yakutat, and Sout heast |NPFC statistical areas.

O lesser inportance in the Shumagin, Chirikof, and Kodiak | NPFC
statistical areas, but still contributin? from10 to 20%to the
catch, was the 1981 year class (6-year-olds) and the 1978 year
class (9-year-olds).

It seenms unusual to see so many 2-year-old pollock taken in
the bottom trawl survey. Pollock are pelagic during their
younger years and beconme nore denersal as they age. Perhaps the
strong showing of 2-year-olds in the 1987 bottomtrawl survey is
conpel ling evidence that the 1985 year class is strong.

The 1978-79 year classes have contributed significantly to
the total @ulf of Al aska pollock catch (Fig. 12) since the tine
they recruited to the fishery. These year classes will have al
but di sappeared fromthe population in 1988.

CONDI TION OF THE STOCK

Changes in Abundance Determ ned from
Age-structured Anal ysis

Data

~ The data set used in this year's analysis consists of
estimates of pollock catch-at-age aggregated over all nations,
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vessel classes, and INPFC statistical areas for years 1976-87
(Table 7). Aso fishery-independent data, consisting of
hydroacoustic biomass estimtes of the Shelikof Strait spawning
pol I ock popul ation for cal endar years 1981, 1983, 1984, 1985, and
1986 (Nunnallee 1987), was incorporated into-the analysis. Since
no absol ute abundance estimate from the hydroacoustic survey is
available for 1987, an alternative neans is enployed-to provide
an approxi mate popul ati on biomass estimate. This will be
described below. A single set of average weight-at-age val ues
(Table 8) used in four previous anal yses (Alton and Deriso 1983;
Megrey 1985, Megrey and Alton 1987; Megrey 1987) were al so used
in this analysis.

Mbdel Descriotion and Mt hods

The followi ng description of the stock assessnent nodel
assunptions and nethods is provided so that the reader can
t horoughly evaluate the basic prem ses upon which the stock
assessnment was perfornmed. These have been described el sewhere
éN@gpey 1987), but for the purposes of clarification | will also
escribe them here.

The CACEAN separabl e nonlinear |og catch nodel of Deriso et
al. (1985) was applied to the all-nation catch-at-age data in
order to estimate age-specific selectivities, fishing ortalities,
and absolute estinmtes of popul ation abundance. The assunptions
of the stock assessnent nodel are as follows: 1% Catch-at-age is
nodel ed by a stochastic Baranov catch equation that incorporates
a lognormal error random variable: 2) natural nortality is
constant for all ages and years and is equal to O.4;

3) selectivity-at-age trends are nodeled with the selectivity
nmodel described below 4) fishing nortality can be separated into
an age-dependent factor and a year-dependent factor; 5) full
recruitment fishing nortality paraneters fromthe |og catch node
can differ fronwfishery-independent estimtes of the sane
quantity by a lognormally distributed random vari abl e; 6)
catchability is constrained to be equal to an assuned val ue of
1.0; 7) the effort sumof squares weighting factor is fixed at an
assumed value of 0.6; 8) the catch sum of squares weighting
factor is fixed at an assuned value of 1.0; and 9) average

wei ght - at - age does not change significantly over the 1976-87 tine
period. Bootstrap nmeans are based on 50 bootstrap replications.

The selectivity nodel used in the analysis is simlar to the
one used |ast year (Megrey 1987). Because the fisher¥ changed in
1982 froma foreign freezer trawer fishery using bottomtraw s
to a joint-venture fishery using mdwater trawls the nodel is
configured to annually partition age-specific selectivities into
a pre-1982 (1976-81) group and a post-1982 (1982-87) group.

For the ﬁre-1982 group, selectivities are estimated for ages 3 to
6 over the period 1976-81. Ages 7 to 10 are assuned to be fully
recruited (i.e., selectivity = 1.0) over the pre-1982 period so
paraneters for these selectivities are not estinated. For the
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Table 7. --Estimated catch (1000's) of pollock by foreign traw,
joint venture, and domestic fisheries in the North
Paci fic Fisheries Comm ssion Western and Central
Regul atory Areas of the @ulf of Al aska, by age 1976-87.

Year
Age 1976 1977 1978 1979 1980 1981
3 13,562 7,676 111,332 76,305 30,514 33,106
4 94,005 18,821 13,819 55,977 54,838 75,760
5 32,137 92,616 19,338 9,669 31,910 54,959
6 8,997 24,204 34,446 7,661 11,586 16,861
7 2,515 8,990 7,684 14,473 6,787, 4,630
8 2,515 1,823 2,669 4,951 7,150 3,770
9 1,561 795 1,488 1,591 2,914 3,744
10 1 1,105 548 708 925 687
Total 155,293 156,030 191,324 171,335 146,624 193,517
Year
Age 1982 1983 1984 1985 1986 1987
3 62,435 22,438 50,160 5,399 20,355 14,026
4 102,612 127,293 39,598 32,680 10,116 7,998
5 73,869 123,189 117,500 38,420 19,131 6,894
6 50,899 57,617 165,580 73,288 7,316 6,435
7 7,631 44,822 46,145 120,345 8,701 7,180
8 1,081 11,529 20,761 35,191 9,782 4,194
9 736 1,141 5,103 9,588 2,133 9,951
10 173 62 266 2,557 800 1,455
Total 299,436 388,091 445,113 317,468 78,334 58,133
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Table 8. --Average wei ght-at-age values used as input data to the
CACEAN nodel, age-specfic selectivity coefficients
estimated fromthe 1976-87 Gulf of Al aska pol | ock
catch-at-age data set.

Estimated
Age Weight-at-age selectivity
(years) (kg) coefficient
3 0.417 0.33
4 0.565 0.66
5 0.637 1.00
6 0.686 0.98
7 0.760 0.68
8 0.839 0.43
9 0.872 0.28
10 0.855 0.06
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Bost-1982 group, selectivities for ages 3 to 6 are constrained to
e equal to the 1976-81 values, while selectivities for ages 7 to
10 are estinmated fromthe period 1982-87.

I n past anal yses auxiliary data in the formof fishery-
i ndependent estimtes of absolute popul ation biomass from
hydr oacoustic surveys were used to calibrate the age-structured
stock assessment results. This year, however, no estimate of
absol ute abundance from the 1987 hydroacoustic survey is
available. The follow ng procedure was carried out I1n order to
provide a proxy value. Results of the 1987 bottom traw survey
are available and they indicate that in the western GQulf of
Al aska (Shumagin, Chirikof and Kodiak | NPFC statistical areas)
t he bi omass of pollock ages 3-10 was 593,361 t (Eric Brown,
Al aska Fisheries Science Center, 7600 Sand Point Way NE, Seattle,
WA 98115. Pers. conmmun., 1988). In addition to this value, a
1987 hydroacoustic value can be extrapolated fromearlier
hydr oacoustic results plus the new 1988 bi onass estimate if we
assune that 1) the unknown 1987 value falls between the known
1986 and 1988 values and 2) the rate of decline did not change
over this period. Wth these assunptions the unknown 1987 val ue
was approxinmated by fitting a straight line to the known data
points and estimating the unknown data point. This procedure was
carried out and weighted linear regression nethods were applied
to the hydroacoustic data using hydroacoustic bionmass estinates,
ages 3-10, as the dependent variable and year as the independent
variable. The independent variable was scaled so that a val ue of
1 corresponded to cal endar year 1981. Wighting factors were set
inversely proportional to the variance of each annual
hydroacousti c biomass values. In this way values estimated with
hi gh precision (low variance) have a |large degree of influence on
the fit and values with |ow precision (high variance) |ow
influence. The data and estinmated regression line are Presented
in Figure 13. The extrapol ated 1987 hydroacoustic popul ation
bi omass estimate was 484,430 t (Table 9).

To determ ne fishery-independent fishing nortality val ues
t he procedures suggested by Deriso et al. (1987) were applied to
the data in Table 9. Fishery-independent popul ation bionmass
estimates for ages 3 to 10 (Bh) were-used along with the catch
bi omass estinmates for ages 3 to 10 (Bc) to cal culate an annual
full-recruitnent exploitation fraction (p=Bc/Bh) for years 1981
1983, 1984, 1985, 1986, and 1987. Hydr oacousti c bi omass val ues
were used for all years except for 1987. The estimated
Bopulation bi omass val ues used for 1987 was 538,895 t, an average
etween the 1987 bottomtrawl estimates (593,361 t) and the
extrapol ated 1987 hydroacoustic estimte (484,430 t). Annual
catch bionmass estimates were cal cul ated using observed catch-at-
age data (in nunbers) nmultiplied by the average weight-at-age
alues provided in Table 8. The calculated exploitation
fractions, along with an estimate of natural nortality (M, were
used to estimate the annual instantaneous full-recruitnent
fishing nortality rate (F) using the nonlinear equation:
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Fi gure 13.-- Hydroacoustic popul ation bi onmass estimates, 1981,
1983-86, and 1988 from Shelikof Strait, the estimated
regression line, and the extrapolated '1987 popul ation
bi omass val ue.  Variance of annual popul ation
estimates are indicated above each bar.
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Table 9. --Biomass estimates from different sources used to
cal culate fishery-independent estimates of full
recruitment fishing nortality.

Hydroacoustic

biomass Catch Exploitation Effective

estimate estimate fraction effort £
Year (million t) (t) (u) (g=1.0)
1981 3.412 113,689 0.0333 0.0411
1982 - - - ‘ -
1983 2.368 244,056 0.1031 0.1328
1984 1.829 289,096 0.1581 0.2111
1985 0.680 238,716 0.3511 0.5419
1986 0.492 48,871 0.0993 0.1283
1987%* 0.539 38,127 0.0707 0.0895

*Average of extraploated 1987 hydroacoustic bi onass estimate
(484,430 t) and 1987 bottomtraw bi onass estimate
(593,361 t) for ages 3-10.
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Bc F
p= — = [1-exp(-F-M) ] (1]
Bh F+M

Equation [I] was solved for F given values of Bc, Bh, and
M=O.4 with a Newt on- Raphson root finding algorithm Sol uti ons
for F fromequation [I] were used as estimates of annual
effective fully recruited fishing effort, which were then
substituted into the auxiliary effort suns of squares term
Since the catchability coefficient were constrained to be equal
to 1.0, these values correspond to alternative estinmates of
full-recruitnment fishing nortality.

In this approach annual effective effort paranmeters
estimated from the CAGEAN nodel can be different from val ues
cal culated fromequation [I]. The degree of difference depends
on how strongly the auxiliary effort sum of squares termis
weighted (see equation 9, Deriso et al. 1985). Normally the
auxiliary data should be restricted to only the age group(s)
fully recruited to the fishery since the goal is to provide an
alternate estimate of full-recruitment fishing nortality.
However, to cover any uncertainty regarding age determ nation the
anal ysis presented in this report used total population bionmass
estimates to calculate the auxiliary fishing nortality val ues
from equation [I]. Because these calculations are based on
bi omass estimates that include age classes other than the fully
recruited age class, the weighting factor for the effort _
auxiliary sum of squares termwas set to 0.6. Adoption of this
approach allows incorporation of the hydroacoustic bionmass
estimates into the catch-at-age anal ysis but weights the
auxiliary data (fishing nDrtaIitY val ues estimated fromthe
hydroacoustic biomass) a little [ess than the primary data
(catch-at-age).

The specific weighting factor value of 0.6 is slightly
hi gher than | ast year when a value of 0.5 was used. (ne of the
reasons that the influence of the fishery-independent auxiliary
information in this year's analysis was adjusted slightly upwards
relative to |last year was because the catch in 1987 was the
| onest on record. The corresponding exploitation fraction
(Table 9) in 1987 is also very low (0.0707) indicating that the
estimate of full recruitment Instantaneous fishing nortality
(0.0895) is no longer a significant conponent of total nortality.
Note that the fraction of the total deaths in 1987 due to fishing
(F/F+M woul d be 0.18 using the values listed in Table 9.
Conpare this to 1985 when the fraction of total deaths due to
fishing was 0.58. One of the critical assunptions re?arding t he
validity of results from catch-at-age nodels is that fishing
mortality is a significant nortality conponent. If it is not,
then theoretically, abundance estinates do not accurately reflect
the true dynamcs of the underlying population. To conpensate
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for this possible deficiency, the influence of the fishery-
i ndependent information was increased relative to the catch-at-
age 1 nformation.

Absol ut e Abundance

Estimates of total nunerical abundance and popul ati on
bi omass are provided in Tables 10 and 11, respectively. A
conparison of the annual trend in popul ation bionass as estimated
fromthe stock assessnent, hydroacoustic and bottom traw surveys
Is presented in Figure 14.

Results from the stock assessnent indicate a continued
decline in the abundance of pollock in 1987. Popul ati on
abundance has been declining since 1983, after peaking in 1981 or
1982. Alton and Megrey (1986) forecasted that the 1986 bi omass
woul d be the |owest on record, but that there would be an upsw ng
in 1987 because of the |ikelihood of strong recruitment of the
1984 year class. The reason for the continued decline in 1987 is
due mainly to the fact that the 1984 year class has failed to
recruit strongly to the exploitable popul ation.

Estimates of the 1987 total popul ation biomass fromthe
catch-at-age analysis are slightly lower than the bottom traw
and extrapol ated hydroacoustic estimate (Fig. 14). A conparison
of these three estimtes in 1984 also show differences. Results
fromjust the bottomtraw survey also suggest a decline in
popul ati on abundance has taken place between 1984 and 1987. In
summary, the population is still lowrelative to historic |evels
but the rate of decline is show ng evidence of |eveling.

~ Estimates of age-specific selectivity coefficients are
simlar to results of |ast years analysis and are presented in
Tabl e 8.

M ni mum sum of squares (MVBQ estimates of total nunerical
abundance conmpare well with bootstrap estimates (Table 10). The
MVBQ estimates are those values that mnimze the objective
function used in the catch-age anal ysis nodel (See equation 9 in
Deriso et al. 1985). Bootstrap estimates are val ues generated-
via the bootstrap resanpling procedure (Efron 1982) as ap?lied to
the catch-age nodel (Deriso et al. 1985). Coefficients o
variation (CV) for the bootstrap estimates range from 12 to 35%
with | ow values associated with earlier years and the highest
val ue associated with the nost recent fishing year (1987). These
%?&ues are quite lower than |ast year when CVs ranged from 27 to

0

The MVBQ estinmates of total population biomass al so conpare
well with bootstrap estimates (Table 11). Coefficients of
variation (CV) for the bootstrap biomass estinmates range from 12
to 33% Simlar to the nunerical abundance estimates, |ow val ues
are associated with earlier years and high values are associated
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Tabl e 10. --Abundance (billions) of the GQulf of Al aska poll ock
popul ati on ages 3 through 10 and the 3-year-old _
recruits by year class estimated fromthe application
of the CAGEAN nodel to 1976-87 catch-at-age. The
initial (mninmm sum of squares estinate) was refined
by the bootstrap method (see text) so that
coefficients of variation (CV) could be conputed.

Population abundance Recruit abundance
Minimum sum Bootstrap
of squares . Year 3-year-old
Year estimate Estimate cv class recruits
1976 1.63 1.63 12.0 1973 0.42
1977 1.35 1.35 12.2 1974 0.36
1978 2.31 2.40 17.4 1975 1.51
1979 3.59 3.70 20.3 1976 2.16
1980 4.26 4.43 16.9 1977 1.99
1981 5.57 ‘ 5.91 15.3 1978 2.86
1982 4,95 5.21 15.3 1979 1.37
1983 3.47 3.66 15.2 1980 0.41
1984 2.32 2.46 16.9 1981 0.32
1985 1.27 1.36 21.5 1982 0.09
1986 0.73 0.80 28.5 1983 0.17

1987 0.57 0.64 35.3 1984 0.18
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Table 11. --Biomass (mllion t) of the Gulf of Al aska pollock
popul ation ages 3 through 10 estimated fromthe
application of the CACEAN nodel to 1976-87 catch-at-
age. The initial (mninmmsum of squares estinmate) was
refined by the bootstrap nethod (see text) so that
coefficients of variation (CV) and the 95% confi dence
intervals (C) could be conputed. For conparative
purposes, the hydroacoustically determ ned estimates
are al so shown.

Stock assessment

Acoustic
Minimum sum _ Bootstrap midwater
of squares trawl
Year estimate Estimate cv 95% CI estimate
1976 0.900 0.897 12.1 0.69-1.42 --
1977 0.782 0.781 12.3 0.60-1.23 -
1978 1.156 1.195 16.1 0.83-1.77 -~
1979 1.781 1.837 19.6 1.17-2.58 -
1980 2.214 2.302 17.4 1.54-3.33 -
1981 2.873 3.034 15.9 2.12-4.51 3.41
1982 2.790 2.940 15.7 2.07-4.38 -
1983 2.163 2.281 15.7 1.60-3.39 2.37
1984 1.523 1.613 17.5 1.08=-2.33 1.83
1985 0.901 0.962 21.9 0.56-1.28 0.68
1986 0.501 0.548 28.7 0.25-0.63 0.49
1987 0.363 0.406 33.2 0.15-0.42 0.48%*

* Extrapol ated val ue (see text).
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Figure 14. --Estimates of total pollock biomass (t) from1)
acoustic-traw surveys i Spel I kof Strait, ZL from
bottom trawl surveys, and 3) from age-structured
anal ysis using foreign; joint venture, and donestic
fisheries data, 1976-87.
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with the nost recent fishing year (1987). Once again these are
| ower than |ast year when CVs ranged from 27 to 50%

Current Exploitabl e Biomass

Esti mates of bionmass from the stock assessnent are assuned
to represent exploitable quantities since the age range used in
the analysis includes all nmjor exploitable age groups.

RECRUITMENT STRENGTHS

The trend in year class strength is given in Figure 15.
Abundance estimates for the 1984 year class appear to be simlar
in magnitude to the weak 1980-83 year classes. No significant
recruitment has taken place since the strong 1978 and 1979 year
cl asses entered the fishery in 1981 and 1982. Since that tine
recrui tment has been poor and recruitnent |evels have been | ow
for 5 years, reaching a low (85.2 mllion) wth the 1982 year
class. The 1984 year class appears to be weak but this result
shoul d be viewed with caution since the estinmate of 1984 year
cl ass abundance from the stock assessnent is based on only one
catch-at-age data point fromthe 1984 cohort, the catch of
3-year-olds in 1987. It is not known at this tinme whether
3-year-olds were fully available to the fishery in 1987. In
addition, stock assessnent paraneter estinmates associated with
the nost recent fishing year (1987) are the | east accurate. At
best the data fromthe apparentl¥ weak 1984 year class should be
considered as prelimnary until further data points fromthe 1984
cohort are added to the catch-at-age data set.

| nformation from the Shelikof acoustic/mdwater traw
surveys in 1987 (Nunnal |l ee 1987% and 1988 (MNunnal |l ee and
WIllianmson 1988, in this report) do not support the findings
reported here with respect to strength of the 1984 year cl ass.
Estimates of year class strength fromthe acoustic/trawl surveys
indicate that the 1984 year class recruited strongly based on
rel ati ve abundance estimates. of 3-year-olds in 1987 and absol ute
abundance estimates of 4-year-olds in 1988.

Wiy the 1984 year class apparently did not recruit strongly
to the commercial fishery in 1987 is not known. Perhaps it was
due to the small catch taken by the donestic fisheries or because
domestic, fishermen were trying to target nore on ol der and | arger
pollock. Three-year-old fish are marginally useful to the
donestic fishery because of their small size and because only a
smal | percentage of this age group is mature. |f an age group is
not well represented in the catch relative to their actual
proFortion in the total Fopulation, then the stock assessnent
anal ysis cannot accurately estimate the true underlying
abundance: this is particularly relevant with respect to the
youngest age group in the exploitable population (the recruits).
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Bl OLOG CAL PARAMETERS

Even though the information is relatively dated, the nost
recent information regarding growth is reported in Hughes and
H rschhorn (1979). This information needs to be updated with a
nore recent growh analysis for Qulf of Al aska poll ock.

Natural nortality is a difficult paraneter to ascertain;
however, in the Gulf of Al aska pollock stock a constant val ue of
M= 0.40/yr has routinely been used. Megrey (1988) has recently
investigated the validity of this assunption. Using three stock
assessnment nodel s (Pal ohei no 1980; Fournier and Archibald 1982;
Deriso et al. 1985% and the nethods of Alverson and Carney (1975)
and Paul y (1980 e concluded that the assunption of a natural
nortality rate of M= 0. 40/ yr was not unreasonable, especially in
light of the high variability in the individual est i mat es.

~Fecundity estimates as a function of length and weight are
provided in MIler et al. (1986).

MAXI MUM SUSTAI NABLE YI ELD

Typically stock production or yield-per-recruit nodels are
used to estimate maxi num sustainable yield (MSY). Unfortunately,
the lack of effort statistics in the Qulf of A aska pollock
fishery and the short tinme series of data available for analysis
precl udes application of analytic nodel s that would permt
estimati on of MSY, Fu Or . A crude approximation of MY is
possi bl e (Al verson and Pereyra 1969% but it requires an estimte
of virgin biomass which in unavail abl e

PRQJECTI ONS OF BI QVASS

The age-structured stock projection nodel used this year is
the same nodel used in, four previous stock projection analyses
(Alton and Rose 1985; Alton and Megrey 1986; Megrey and Alton
1987; grey 1987).  The sinul ation nDdelllng approach is
preferre to the NBY approach in terns of evaluating nanagenent
policy alternatives because the simulation nodel specifically
addresses the unique features of the GQulf of Al aska fishery such
as 1) tenporal partitioning of the catch between two 6-nonth
fishing seasons, 2) two major fleets with different selectivity
characteristics, and 3) direct incorporation of biological
features of the stock such as age-structure and growh. Until
better biological information is nade available, it seens that
using the' simulation nodel to eval uate al ternative managenent
scenarios puts to the best use all available information. The
nodel projects popul ation bionmass and age conposition from an
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initial population given paraneters for natural nortality,
growth, age-specific selectivity, and schedules of catches and
recruitment.

Proj ections of biomass (age 3-and-older fish) in Shelikof
Strait for early 1988 and 1989 are given for six recruitnent
scenari os, three annual catch schedules, and three initia
starting conditions. Nornally, the initial population size used
to begin the sinulations is derived fromthe nost recent
hydr oacoustic survey of Shelikof Strait. The reason for this
2Pproach hinges critically on the premse that the entire @l f of

aska pollock population mgrates to Shelikof Strait in the
spring of the year to spawn, and at this time the entire
popul ation present in Shelikof is assessed with the hydroacoustic
survey. The unexpected very | ow abundance estimate fromthe 1988
hydr oacoustic survey (Nunnallee and WIlianmson, this report)
forces one to reexamne this assunption. In order to deal wth
the possibility that the Shelikof survey is only assessing a
fraction of the gulfw de population, the projections this year
wll be initialized with three different starting popul ation
vectors. These vectors are the biomass estinmates of age 3-10
fish and its age conposition in nunbers fromthe 1986
hydroacoustic survey, the 1987 bottomtraw survey, and the 1988
hydraacoustic survey. Catches from 1986 and 1987 are known and
catches for 1988 are known or can be anticipated. The nain
benefit of carrying out the stock projections is to observe the
effect of anticipated 1989 catch levels on the projected
popul ation in 1990.

Recrui t ment Schedul e Cal cul ati ons

Recruitment is defined as the nunber of 3-year-old fish
present at the beginning of the year. Three recruitnent |evels
(poor, average, and strong) were needed for the stock projection
analysis. As a guide for assigning the different recruitnent
levels realisti values, age-3 abundance estimates fromthe
updat ed catch-at-age analysis were used to estimate the three
recruitnent |evels.

Recruitment estimates for the projections were derived by
first grouping year class abundance estimates from the catch-at-
age anal ysis according to whether they were from poor or strong
year cl asses. In selecting poor and strong groupings the 1984
year class estimate was omtted fromthe calculation of poor and
strong recruitnment since this estimate is based on only one
catch-at-age data point. Using Figure 15, 1973, 1974, 1980,
1981, 1982, and 1983 were judged to be poor year classes and the
1975 through 1979 year classes were judged to be strong. Poor
and stron% recruitment levels were calculated as the arithnetic
nmean of the abundance estimates for the year classes naking up
each respective group. Average recruitnent |evel was cal cul ated
by taking the arithnetic average of all recruitment estimates
(1973-84). Results of this procedure provide recruitnent |evels
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Figure 15. --Annual estimates of the number of 3-year-old recruits,
as estimated-from age-structured analysis. Year classes
are indicated above each bar.
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at three levels: 0.3 billion fish for poor recruitnment, 1.0
billion for average-recruitment, and 2.0 billion for strong
recruitnent. The [evels for poor, average, and strong recrultnent
whi ch have been used in three previous forecast exercises (A ton
and Megrey 1986; Megrey and Alton 1987, Megrey 1987) are
presented bel ow

Past recruitment

Analysis levels (billions)
Source Year Poor Averade Strong
‘Alton and Megrey 1986 1985 0.5 1.0 1.5
Megrey and Alton 1987 1986 0.3 0.9 1.5
Megrey 1987 1987 0.3 0.9 1.7
The new | evel s described below reflect the results of the
updated age-structured analysis described earlier. The
recrui tment schedules used In this analysis are:
Recruitment scenario
age 3 population in billion fish
(Year
Year class) A B c D E F
1986 1983 0.3 0.3 0.3 0.3 0.3 0.3
1987 1984 0.3 0.3 0.3 0.3 1.0 0.3
1988 1985 2.0 2.0 1.0 1.0 1.0 0.3
1989 1986 0.3 1.0 0.3 1.0 1.0 0.3
1990 1987 0.3 1.0 0.3 1.0 1.0 0.3

Recrui tment schedules A-F all assune that recruitnent of the
1983 year class in early 1986 is poor.

Even though the 1984 year class was observed in great
abundance during the hydroacoustic-trawl surveys in 1985 as
1-year-olds, in 1986 as 2-year-olds, and on a relative basis in
1987 as 3-year-olds (Nunnallee 1987), they were not abundant in
t he 1988 hydroacoustic survey (Nunnallee and WIllianson, in this
report) nor in the 1987 commercial fishery. Therefore, schedul es
A-D and E reflect this lack of strong recruitment by representing
the 1984 year class as poor. Schedule E has the 1984 year class
as average just to cover the possibility that the year class is
not poor but was just unavailable to the commercial fishery and
hydr oacoustic survey.

The 1985 year class is represented as strong in recruitnent
schedules A and B due to the fact that this year class has
aPpeared to be stron? in the 1987 hydroacoustic survey as 2-year-
ol ds and as 3-year-olds in 1988 (Nunnallee and WIIlianson, in
this report). Aso this year class was extrenely abundant
t hroughout the entire GQult of Alaska as indicated fromthe 1987
bottomtrawl survey (Fig. 11). To cover the possibility that
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early | ooks at year class abundance are not accurate predictors
of actual recruitnent to the fishery, the 1985 year class is
represented as average in schedules CE, and as poor in schedule
F.

Recruitment for the 1986 and 1987 year classes was set to
the sanme level in each. recruitnent schedul e because the spawni ng
abundance in these 2 years was very low (Table 11) and well bel ow
the mnimum threshold spawning bi omass of 768,000 t (Megrey and
Alton 1987). Recruitment levels for the 1986 and 1987 year
cl asses varied between poor (schedules A, C and F) and average
(schedules B, D and E)

Schedule Ais identical to B and Cto D, except for the
strength of the 1986 and 1987 year classes. The only difference
bet ween schedules A and C and B and D is the strengt% of the 1985
year class. Schedules B and D are identical except for the
strength of the 1984 year class. |In schedule B the 1984 year
class is poor and average in schedule E. Schedules B and E are
the nost optimstic scenarios. Schedule F represents the nost
pessimstic outlook (the worst case scenario) since all year
cl asses are represented as poor.

Cat ch Schedul es

For each recruitnent schedule three projections were nade,
each having a different annual catch schedule for 1989. These
schedul es begin with the known 1986 and 1987 catch and a
pre#ir}nary estimate of the 1988 catch. The catch schedul es are
as foll ows:

Catch scenario
(1st half of year/2nd half of year)

(1,000 t)
Catch
Schedule - 1986 1987 1988 1989
1 63/ 21 39/ 23 20/ 0 0/0
2 63/ 21 39/ 23 20/ 0 12.5/12.5
3 63/ 21 39/ 23 20/ 0 25/ 25

Catch schedule 1 corresponds, to no annual harvest in 1989
Catch schedule 2 (25,000 t) provides a harvest level simlar to
the 1988 harvest |level. Catch schedule 3 (50,000 t) provides a
harvest |level simlar to the 1987 harvest |evel. In catch
schedules 2 and 3 the annual harvest is split equally between the
spring and fall fisheries.

I nitial Population Vector Schedul es

In order to deal with the possibility that the Shelikof
survey is only assessing a fraction of the gulfw de popul ati on,
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the projections this year were initialized with three different
starting popul ation vectors. These vectors include information
fromthree sources: the bionmass estinmates of age 3-10 fish and
age conposition in nunbers fromthe 1986 hydroacoustic survey,
the 1987 bottomtraw survey, and the 1988 hydroacoustic survey.
These data are given bel ow

Dat a 1986 1987 1988
source Acousti c Bottom traw Acousti c
Schedul e A B C

Initial population
_ (x1,000 fish)

Age Number Number Number

3 287,700 169,422 753,600

4 44,300 117,021 349,600

5 81,700 106,366 83,800

6 52,300 183,592 18,200

7 89,500 81,598 6,000

8 151,300 59,971 6,000

9 62,100 140,837 4,100

10 11,700 12,914 9,300

Total biomass .

- (1000 t) 491,500 593,361 311,400

The specific catch and recruitnment schedul es used for
projections based on different initial population vectors
schedules differ with respect to the nunber of years included in
the projection. For exanple, projections based on initia
popul at1 on vector schedule B (1987 bottomtrawl survey) use
recruitment and catch values only fromyears 1987-89. Simlarly,
a projection based- on initial population vector schedule C (1988
hydr oacousti c survey) only uses recruitnment and catch values from
years 1988-89.

Projection Results

ProLection results fromusing the various recruitnment and
catch schedules and the different initial population vector
schedul es are presented in Figure 16 (initial population vector
schedule A), Figure 17 (initial population vector schedule B),
and Figure 18 (initial population vector schedule C).

Schedule A

| nitial Popul ation Vector

- Using initial population vector schedule A (Fig. 16) the
projected biomass in 1990 woul d be 935,000 t, 909,000 t, or
883,000 t if the 1985 year class is strong (scenario A), or
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catch schedules). Projections were started with
nunerical popul ation estimates from the 1987 bottom
trawl survey (initial population vector schedule B).
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Figure 18. --Forecasts of total pollock bionmass (ages 3-and-ol der)
in Shelikof Strait (Jan.-Apr.) in 1988-90 given six
likely recruitnment scenarios (A-F) and three catch
schedul es.  Projections were st art ed with nunerical
popul ati on estimates from the 1988 hydroacoustic
survey (initial population vector schedule C).
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595,00 t, 571,000 t, or 546,000 t if the 1985 year class is
average (scenario C), using catch schedules 1-3 respectively and
assum ng that the 1986 and 1987 year classes are poor. The
projected biomass in 1990 would be 1,278,00 t, 1,252,000 t, or
1,227,000 t if the 1985 year class is strong (scenario B), or
938,00 t, 914,000 t, or 889,000 t if the 1985 year class is
average (scenario D), using catch schedules |-3 respectively and
assumng that the 1986 and 1987 year classes are average. he
consequence of assumng the strength of the 1986 and 1987 year
classes is poor or average, given the sane 1983-85 year class
strengths (conpare scenarios Ato B and Cto D) amounts to about
343,000 t 1n the level of projected bionass, regardl ess of the
harvest |evel.

Recrui tnment scenarios A and D resulted in very simlar
proj ected biomass levels. The two nost optimstic recruitnent
scenari os projected popul ation biomass levels in the range of
1,065,000 t (scenario E, catch schedule 3? to 1,278,000 t
(scenario B, catch schedule 1). The nodel projected a 1987
bi omass of 387,000 t if the 1984 year class was poor (scenarios
A B C D and F) or 532,000 t if the 1984 year class was
average (scenario E). |f the 1983 and 1984 year cl asses were
poor, then the projected bionmass in 1988 was 332,000 t if the
1985 year class was poor (scenario F), 478,000 t if it was
average (scenario C) and 686,00 t if it was strong (scenario A).
The 1987 projected bionmass |evel from scenario E I's consistent
%g%hoége 1987 bottom trawl popul ation bi onass estinmate of

: t.

O particular interest is the projection fromrecruitnent
schedule F. This schedule is very simlar to the nost
pessimstic recruitment schedule (E) fromlast year's projections
(Megrey 1987) with respect to recruitment scenario (1983 year
class is poor, the 1984 year class is strong, and year classes
1985-86 are poor), catch schedules (1988 catch schedules 1
through 3 are identical to catch schedules fromlast year) and
initial population vector (the projections began using the 1986
hydr oacousti c survey abundance estimates, initial population
vector schedule A). Unlike last year's recruitment schedule E
the 1988 recruitment scenario F accurately reflects the fact that
the 1984 year class recruited poorly to the commercial fishery in
1987. This run provides a conparison of the projected 1988
popul ation biomass, starting froma known 1986 abundance |eve
and using an updated recruitnent scenario, to the 1988
hydr oacousti c bi omass estimate. The projected 1988 bi omass | evel
fromthis run was 332,000 t which is within 7% of the 1988
hydr oacoustic estimte of 311,400 t.

Initial P | ation Vector h | B

Initializing the projection nodel wth nunmerical population
abundance estimates fromthe 1987 bottomtraw survey (initial
popul ati on vector schedule B) produced projected bionmass |evels
In 1987 of 612,000 t which is close to the estimted abundance of
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593,000 t fromthe bottomtraw survey. Because the projections
were started in 1987, scenarios D and E are identical since
recruitnment schedules for the 1988-90 years classes are the sane.

Using initial population vector schedule B (Fig. 17) the
proj ected biomass in 1990 would be 980,000 t, 954,000 t, or
929,000 t if the 1985 year class is strong (scenario A) or
640,000 t, 616,000 t, or 592,000 t if the 1985 year class is
average (scenario C), using catch schedules |-3 respectively and
assumng that the 1986 and 1987 year classes are poor. The
proj ected biomass in 1990 would be 1,323,000 t, 1,297,000 t, or
1,272,000 t if the 1985 year class is strong (scenario B) or
983,000 t, 959,000 t, or 935,000 t if the 1985 year class is
average (scenario D or E), using catch schedules |-3 respectively
and assum ng that the 1986 and 1987 year classes are average.

As in the earlier section, scenarios A and D resulted i
very simlar projected biomass |levels. The two nost optims
recruitnment scenarios projected population bionmass |levels in
range of 935,000 t (scenario D and E, catch schedule 3) to
1,323,000 t (scenario B, catch schedule 1). If the 1984 year

cl ass was poor, then the projected bionmass in 1988 was 494, 000 t
if the 1985 year class was poor (scenario F), 639,000t if it was
average (scenario C) and 847,00 t if it was strong (scenario A).
Even the nost pessimstic scenario (F) ﬁrojects hi gher 1988
popul ati on biomass |evels (494,000 t) than those neasured by the
1988 hydroacoustic survey by al nost 100, 000 t.

Initial Population Vector Schedule C

Initializing the projection nodel wth numerical population
abundance estimates from the 1988 hydroacoustic survey (initial
popul ati on vector schedule C) produced projected bionmass |evels
In 1988 of 409,000 t which is sonmewhat higher than the estinmated
abundance of 311,000 t from the 1988 hydroacoustic survey.

Because the projections were started in 1988, scenarios A C, and
F are identical and B, D, and E are identical since the
recruitnment schedules for the 1989-90 year classes are the sane.

iC
t he

Using initial population vector schedule C (Fig. 18) the
proj ected biomass in 1990 would be 911,000 t, 887,000 t, or
864,000 t if the 1986-87 year classes are average (scenarios B,
D, and E) or 567,00 t, 544,000 t, or 521,000t If the 1986-87
year classes are poor (scenarios A C,  and F), using catch
schedul es |-3 respectively. The projected biomass in 1989 was
501,000 t if the 1986 year class was poor (scenario A, C, and F)
or 646,000t if it was average (scenario B, D, and E).

ACCEPTABLE BI OLOd CAL CATCH

~ Results fromthe projections are highly sensitive to the
initial population vector and recruitnment schedul es.
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Unfortunately, there is no conpelling evidence to suggest which
initial starting conditions are the "nost correct," In fact
projection results are somewhat contradictory. Starting the
projections from 1986 and assum ng that an average 1984 year

cl ass produces projected 1987 biomass levels that are in .
agreement with the 1987 bottomtraw estimate. However, if we
start the projections from 1986 and assume that both the 1984 and
1985 year classes are poor, then the projected 1988 biomass
level 5 are in agreenent with 1988 hydroacoustic estimtes. Thus
according to the projections, the only way the popul ation bionass
level in 1988 could be as low as 300,000 t is if both the 1984
and 1985 year classes were bel ow average. In no instance did
proj ections predict popul ation bionass |evels as |ow as 300, 000 t
when initial population vector schedule B was used, even for the
nmost pessinmistic scenario. There does not seemto be a

conbi nation of initial population vector, catch, or recruitnent
schedul es that provide projected population levels that are
consistent with observed 1987 bottomtrawl survey and 1988

hydr oacousti ¢ survey abundance estimates.

Before projection results can be used to recommend an ABC,
we are forced to critically exanine two crucial questions. The
first concerns the relationship between the Shelikof Strait
aggregations and the gul fwide pollock population. In the past,
the working hypothesis was that pollock fromthe entire Qulf of
Al aska mgrated to Shelikof Strait in the spring of the year and
that at this tinme total popul ation abundance was assessed wth
t he hydroacoustic survey. Results fromthe 1988 hydroacoustic
survey force one to reconsider the premse of this hypothesis due
to the fact that the abundance estinmate is far |ower than ever
anti ci pat ed. Certainly one possible explanation would be that in
1988 all pollock did not return to Shelikof. The fact that in
1988 the Shelikof Strait aggregations were primarily inmature
fish (Nunnallee and WIlianson, this. report) suggests that in
1988 the Shelikof Strait aggregati ons were not spawni ng
aggregations. If they were not, then where were the mature
pollock in the spring of 1988? This is not the first tine that
results, from the hydroacoustic surveK did not agree with
expect ati ons. In 1985 there was a sharp decline in abundance
bet ween 1984 and 1985 when the hydroacoustically assessed bi onass
dropped from 1,840,000t to 700,000 t (Nelson and Nunnal | ee
1986). There was no explanation for the drop. The severity of
the decline inplied unusually large nortalities had taken place
and that these were way out of line with expected popul ation
decr eases. In retrospect, perhaps these age groups just did not
return to Shelikof. Unfortunately, there I's no information to
determ ne what fraction of the gul fw de pollock popul ation
returns to Shelikof or if this fraction is a function of
popul ation density or if it varies by year.

The second question that nust be asked is whether prerecruit
abundance is related to recruitnment abundance. The worKking
assunption inmplicit in the Projection analysis is that there is a
direct correlation. The only year when the hydroacoustic surveys
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had an opportunity to detect a strong year class before it
recruited to the fishery was in 1981 when the hydroacoustic
survey saw the 1979 year class as 2-year-olds and the 1979 year
class did indeed recruit strongly to the fishery. In 1986, the
early | ook at what was then thought to be the strong 1984 year
class did not correlate well with how the 1984 year class
actually recruited to the fishery. So here again, there is not a
good track record of predicting year class strength based on
observed abundance of prerecruits. The inplications of this

di scussion relate directly to the strength of the 1985 year
class; early indications suggest that it is strong. However
this appraisal is based on prerecruit abundance estimates which
have had m xed success. There is. the possibility that heavy
predation is taking place. Stocks of cod and halibut, both
potential predators of juvenile pollock, are at high |levels of
abundance.

These two di sappointing results do not negate the useful ness
of the projections. They do underscore the need to strike a
bal ance between protecting the stock when abundance |evels are
| ow by reducing the ABC and maintaining a continuity in the tine
series of catch statistics so that stock assessnments can
continue. As long as the catch is sanpled adequately and there
are fishery-independent data sources wth which to tune the
assessnment nodel, then stock assessnments will provide usable
informati on on underlying stock dynam cs and abundance |evels.

The ABC in 1989 should be conservative, given the
uncertainties regarding the abundance of the 1984 year class and
the fact that we cannot be sure-that the 1985 year class is
strong. An ABC of 25,000 t in 1989, allocated to the donmestic
fishery, would permt a small harvest to take place and allow the
donmestic fishery operations to continue at levels simlar to 1987
and 1986 levels. Aso a snall harvest woul d provide sone
fisheries catch information as |ong as the catches were well
sanpled for biological information. The projections denonstrate
t hat even though the stock is at |ow | evel s of abundance, a snall
harvest between 25,000 and 50,000 t would have very little

| mpact .
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PACI FI C COD
by
Harold H Zenger, Jr.
and

G ant G Thonpson

| NTRODUCTI ON

In North American waters, Pacific cod (Gadus macroceohal us)
occur on the continental shelf and upﬁer sl ope from Santa Monica
Bay, California (lat. 34°N) through the Gulf of Al aska, Aleutian
IsYands, and eastern Bering Sea to Norton Sound (Bakkala et al.
1981). Recently published information suggests that Qulf of
Al aska, Bering Sea, and A eutian Islands cod stocks- are
genetically indisti n%ui shable (Grant et al. 19872, and taggi ng
studi es have shown that cod nove between the Gulf of Al aska,
Bering Sea, and Aleutian Islands.'" However, the relative nunber
of cod that actually mgrate and the regularity of the mgrations
are unknown; thus | f of Alaska cod stocks are managed as a
separate unit.

CATCH H STORY

Al | ocati ons

The optimumyield (OY) for GQulf of Al aska Pacific cod, which
was replaced by target quota (TQ in 1987 and total allowable
catch (TAC) in 1988, has varied sonewhat since the concept was
adopted by the North Pacific Fishery Managenment Council (NPFMC).
In 1977 OY was established at slightly |ess than the previous
year's total catch. From 1978 to 1981, OY varied between 34, 800
and 70,000 t, settling at 60,000 t in 1982. Prior to 1981 OY was
assigned for "fishing years" rather than calendar years. In 1981

the OY was raised tenporarily to 70,000 t and the fishing year
was extended until 31 Decenber to allow subsequent OYs to cover
cal endar years (Table 1). In 1986 OY was raised to 75,000 t, and
to allow all of the total allowable |level of foreign fishing
(TALFF) to be taken fromthe NPFMC Western Regul atory Area, its
geographi c distribution was changed to 40, 44, and 16% from 28,
56, and 16% in the NPFMC Western, Central, and Eastern Areas,

'Pers. commun., August 1987, Al an Shinmada, Resource
Assessnent and Conservation Engineering Division, Northwest and
Al aska Fisheries Center, National Marine Fisheries Service, NOAA
Bin C15700, 7600 Sand Point Way NE, Seattle, WA 98115.
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Table 1. --Final allocations and catches (t) of Pacific cod in the
@il f of Alaska, by fishery category, 1980-87.

Allocations® Catch

Joint
Year OY/TQ/TAC TALFF DAP JVP Reserve Foreign venture DAP Total

1980 60,000 53,442 4,058 2,500 0 34,245 466 612 35,323
1981° 70,000 63,634 5,167 1,199 0 34,969 58 1,061 36,088
1982 60,000 51,688 6,902 1,410 0 26,937 193 2,250 29,380
1983 60,000 50,936 5,312 3,752 0 29,777 2,426 4,198 36,401
1984 60,000 32,518 9,320 18,162 o 15,896 4,649 3,231 23,776

1985 60,000 10,200 30,360 7,640 11,800 9,086 2,266 2,954 14,306
1986 75,000 15,520 35,000 9,480 15,000 15,211 1,357 8,051 24,619
1987 50,000 0 48,000 2,000 0 0 1,978 29,150 31,128

1988° 80,000 0 68,950 11,050 0 0 942 24,415 25,357

®0Y = optimumyield: TQ = target quota (1987 only): TAC = total allowable
catch (1988 only); TALFF = total allowable |evel of foreign fishing: DAP =
donestic annual processing: v = joint venture processing.

“Fishing year" 1981 was extended to 14 nonths in order that subsequent
fishing years would coincide with cal endar years.

‘Prelininary catch data as of 22 August 1988 from Pacific Fisheries
| nformation Network gPacFI !\% Paci fic Marine Fisheries Comm ssion, Mtro
Center, Suite 170, 2000 SW First Avenue, Portland, OR 97201.
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respectively. (The NPFMC Western Area is the International North
Paci fic Fisheries Commi ssion (INPFC) Shumagin Statistical Area,
the NPFMC Central Area conbines the INPFC Chirikof and Kodi ak
Areas, and the NPFMC Eastern Area enconpasses the |NPFC Yakut at
and Sout heastern Areas.) The TQ was |owered to 50,000 t for 1987
to protect incidentally caught-and prohibited species, since

di rect catch observations could not be nade.

Total initial allocations of Pacific cod for 1985 reflected

a trend toward replacenent of TALFF by donestic annual harvest
éamg . Initially, 1985 TALFF was 10,000 t, less than half of the
3,830 t allocated on 1 January 1984, and less than a third of
the 32,518 t final allocation for 1984. Two hundred additiona
tons were allocated by the end of 1985. The 1986 TALFF increased
to 15,520 t. None was allocated in 1987 and the proportion of
DAH al | ocated by regul atory area was restored to near the pre-
1986 levels at 27, 56, and 17%for the NPFMC Western, Central,
and Eastern Areas, respectively.

Landi ngs

After 1977 the inportance of Pacific cod in @Qulf of Al aska
groundfish catches grew in response to one or two |arge year
classes that recruited to the tishery in 1980-81. It increased
initially as a foreign-dom nated fishery: receded as TALFF
al l ocations were reduced: and increased again as a donestic
fishery. Gowng from2,257 netric tons (t) in 1977 to 36,401 t
in 1983, the annual total catch dropped to 14,306 t in 1985, but
grewto 31,128 t in 1987 (Table 1). The decreases in 1984 and
1985 were due nostly to reductions in TALFF. In 1984-86 the.
Japanese voluntarily limted their longliners to the I NPFC
Shumagi n and Chirikof Areas to avoid gear conflicts with donestic
fishernmen and were permtted to fish only in waters shal |l ower
than 350 mto reduce the incidental catch of sablefish

(Anopl opoma finbria).

H storically, the majority of Pacific cod catches came from
the | NPFC Shumagin and Chirikof Areas (Table 2). Foreign traw
catches of Pacific cod were usually incidental to directed
fisheries for other species, and |onglines harvested nost of the
TALFF cod allocations. In 1987 the vast nagjority of |andings
were taken fromthe I NPFC Kodiak Area reflecting the absence of
foreign fishing effort in the western 3u|f and an increase in
domestic effort near the principal |anding port of Kodiak. Mst
recently 69% of DAH catches were taken by traws, |onglines
accounted for 28% and hook and line and pots the rest.

As of the end of 1987, nmnagenent of Gulf of Al aska Pacific
cod stocks did not appear to have reached a critical point since
the total harvest was well below TQ (Table 2). However, on a
nmore | ocalized basis, landings fromthe NPFMC Central Area
aﬁproached the 33,000 t TQ (Table 3). Prelimnary figures for
the first 8 nonths of 1988 put harvest |evels at about 26,000 t,



Table 2.--Catch (t) of

Pacific cod in the @Qulf of Al aska by Internationa

North Pacific

Port | and,

OR 97201.

Fi sheries Conm ssion (INPFC) statistical area, 1978-87.
Year

INPFC

area 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
Shumagin 5,591 3,982 8,705 11,579 7,343 9,178 11,748 8,426 12,751 2,464
Chirikof 4,707 6,541 18,627 19,115 14,361 15,675 5,844 3,224 3,778 2,378
Kodiak 1,488 3,829 5,871 3,036 5,543 9,567 6,149 2,564 7,213 25,870
Shelikof - - - - - - _— -- 471 —
Yakutat 202 371 2,004 2,249 2,108 1,963 1 <1 222 30
South- 174 147 116 109 25 18 34 92 185 386
eastern :
Total 12,162 14,870 35,323 36,088 29,380 36,401 23,766 14,306 24,620 31,128
Sour ces: Foreign and joint venture catches--personal communication with Jerald

Berger, U S. Foreign Fisheries Cobserver Program Northwest and Al aska Fisheries

Center, National Marine Fisheries Service, NOM 7600 Sand Point Way NE., Bin

C15700, Building 4, Seattle, WA 98115, U.S. catches 1978-80--Rigby (1984),

U.S. catches 1981-87--Pacific Fishery Information Network (PacFIN), Pacific

Marine Fisheries Comm ssion, Mtro Center, Suite 170, 2000 SW First Avenue

8¢



Table 3. --Catch (t) of Pacific cod in the @ulf of Alaska, by North Pacific Fishery
Managenent Council (NPFMC) regul atory area, 1978-87.

Year

Regulatory ‘
area? 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Western 5,591 3,982 8,705 11,579 7,343 9,178 11,748 8,426 12,751 2,464
Central 6,195 10,370 24,498 22,151 19,904 25,242 11,993 5,788 11,462 28,248
Eastern 376 518 2,120 2,358 2,133 1,981 35 - 92 407 416

Total 12,162 14,870 35,323 36,088 29,380 36,401 23,776 14,306 24,620 31,128

®The NPFMC Western regulatory area -is the International North Pacific Fisheries Conmi ssion
(I NPFC) Shummgin statistical area, the NPFMC Central Area conbines the INPFC Chirikof and

Kodi ak Areas, and the NPFMC Eastern Area enconpasses the |INPFC Yakutat and Southeastern
Ar eas.

Sour ces: Foreign and joint venture catches--personal communication with Jerald Berger,

U.S. Foreign Fisheries observer Program Northwest and Al aska Fisheries Center, National
Mari ne Fisheries Service, NOM 7600 Sand Point Way NE., Bin Cl15700, Building 4, Seattle,
WA 98115; U.S. catches 1978-80--Rigby (1984); U.S catches 1981-87--Pacific Fishery

| nformati on Network (PacFIN), Pacific Mrine Fisheries Comm ssion, Mtro Center, Suite 170,
2000 SW First Avenue, Portland, OR 97201.

6§
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a third of the total TAC. It is not likely that total 1988 DAB
allocations will be harvested in any of the NPFMC regul atory
ar eas.

CONDI TI ON OF STOCKS

Rel ati ve Abundance

Japan-U.S. Cooperative Longline Survey

Al t hough its geographic coverage has been distributed al ong
the outer continental shelf and upper slope, results of the
annual (1979-87) Japan-U.S. longline surveys suggest that in 1986
the relative nunber of Pacific cod in the gulf was about 66% of
that found in 1979 and 1980, and that the relative popul ation
wei ght was only 55.3% of that found in 1979 (Teshima 1987).

Yoshi nura and Sasaki (1987) qualify this point by show ng that
the nmajor decreases were limted to the |INPFC Yakutat and

Chiri kof Areas and that catch rates increased in the I NPFC
Shumagi n and Kodi ak Areas. Indices of abundance catch per unit
of effort (CPUE) derived fromthe Japanese-reported conmmerci al

| ongl i ne fisherﬁ in the I NPFC Shumagi n and Chirikof Areas
indicate that the cod popul ati on decreased 34 and 47%
respectively (Teshinma 1987). Prelimnary results of the 1987
survey show that CPUE continued to increase in the | NPFC Shumagin
Area, was up sharply in the INPFC Chirikof Area, but was down
about a third in the | NPFC Kodi ak Area, which is where the bul k
of the 1987 | andings were harvested. Catch rates in the |NPFC
Yakutat Area were relatively high although only half of the

magni tude found in the western gulf. Increases in relative
abundance of cod in the western @ulf of Al aska and decreases in
the | NPFC Kodi ak Area may reflect the concentration of [|andings
fromthe latter area and dimnished fishing effort in the former.

~ Generally, Japanese-reported |longline catch statistics show
a simlar trend toward increasing Pacific cod CPUE from 1978 to
1985 and a snall decrease between 1985 and 1986 (Teshima 1987).

U.S. Lonaline Survey in the Gulf of Al aska

During the summrers of 1987 and 1988 the National Marine
Fi sheries Service (NWVFS) conducted |ongline surveys occupying the
sanme stations as the cooperative survey nentioned above. The
only conparisons that can be nmade at this tine are between the
unwei ght ed size conpositions for Pacific cod sanpled in the |INPFC
Shumagin and Chirikof Areas (Fig. 1). Basically, the two length
frequencies are very simlar, although the principal node in the
|atter year's distribution shifted to the |eft about a centineter
(from64 to 63 cm.
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Absol ut e Abundance

The first U S.-Japan cooperative @l f of Al aska bottom traw
survey was conducted in 1984 and was followed by another in 1987.
These were the nost conprehensive traw surveys ever conpleted in
the region, having the general objective of determning the
abundance, distribution, and biological condition of groundfish
stocks in the central and western @l f of Alaska on a triennial
basis. To conpl ement those surveys, others were conducted in the
eastern @ulf of Alaska utilizing vessels chartered by the NVFS.

Catches of Pacific cod were standardi zed by vessel and gear-
specific fishing power coefficients and adjusted to the nost
efficient traw. The adjusted catches were used to calculate
CPUE and bi omass by I NPFC area and 100 m depth interval.
Conplicating direct conparison of the survey results was the
nonstandard nature of the Japanese sanpling gear used in 1984 and
1987. In 1984, the Japanese trawl was nore efficient at
capturing cod than the U S. trawl by a factor of about 1.7, so
catches made by the U S traw were adjusted accordingly.
However, the Japanese trawl used in 1987 had different fishing
characteristics and was |less efficient at capturing cod than was
Its predecessor. Thus, if 1987 abundance estimates were
calibrated to the 1987 Japanese traw, they would be conservative
relative to the 1984 estimates. Although this fact nakes
congarisqn of abundance estimtes between the 2 years
problematic, a valid conmparison can be made by using the, CPUES
observed for the US. trawl during the 2 years to obtain a 1987
abundance estimate. This can be done by multiplying the 1984
abundance estimate (calibrated to the 1984 Japanese traw ) by the
rati o of CPUEs observed for the U.S. traw (1987 divided by 1984
CPUE). Using this procedure, the best estinmate of tota
abundance was 627,679 t in 1984 and 627,710 t in 1987. Gear
standardi zati on was not a problemin the eastern Gulf of Al aska,
but inadequate sanple density and di spersed sanple periods
conpl i cate betmeen-surveY conparisons.  Abundance of Pacific cod
in the eastern gulf was |ow during both years.

Current Expl oitabl e Bi omass

The U. S.-Japan cooperative @l f of Al aska trawl surveys were
designed to sanp]e a broad part of the area where all ages and
sizes of groundfish are found. Thus the surveys detected parts
of stocks that had not yet recruited to the fisheries and the
resul tant estimated bionmasses contain size categories not
targeted by comercial vessels. Based on a 45 cmlength at
recruitnent, 9% of Pacific cod biomass that was detected by the
1984 Gulf of Al aska cooperative trawl survey woul d be undersi zed,
as conpared to 11%in 1987. These calculations inply 1984 and
1987 exploitable bionmass estinmates of 571,188 t and 558, 662 t,
respectively. If the length at recruitnent were 50 cm these
estimates would fall to 508,420 t and 520,999 t, respectively.
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Results of stock reduction analgsis (using a 45 cm recruitnent
l ength) project a 1989 exploitable biomass |evel of 498,044 t.

RECRU TMENT STRENGTHS

Determning the age of Pacific cod has proven to be a
frustrating task: scale ages have been recogni zed as
unsatisfactory since the early 1980s, the recently devel oped fin
ray agei ng techni que has never been validated satisfactorily, and

f of Al aska sanpl es have not been collected for production
r eadi ng. Only this year has the ageing unit at the Northwest and
Al aska Fisheries Center (NWAFC) identified otoliths as the
preferred structure for ageing Pacific cod. Until sanples can be
gat hered and production reading started, then, relative year
class strengths can be estinmated only by using ad hoc |ength-at -
age assunFt|ons to demarcate year class boundaries wthin
observed length frequency distributions. To this end, it wll be
assuned here that lengths |-20 cm correspond to age 0" fish,
| engths 21-30 cm correspond to age 1" fish, lengths 31-40 cm
%onreipond to age 2° fish, and lengths 41- 50 cm correspond to age
is

Looking first at the size conposition data fromthe 1984
U. S. -Japan cooperative bottomtraw survey, it can be seen that
the 2' age group (1982 year class) was relatively abundant in the

| NPFC Shumagin Area (Fig. 2). In the INPFC Chirikof and Kodi ak
Areas, on the other hand the 27 a?e group was not abundant.  Cod
fromthe O age group (1984 year class) were found as a conponent

of relatively dense sem pel agi c schools along the edge of
Shel i kof Trough northeast of Chirikof Island and in [ower
Shelikof Strait near the Al aska Peninsula. The possibility of a
relatively strong 1984 year class was investigated further in
1985 during a late sunmer trawl survey of juvenile groundfish in
the Kodiak Island to Shumagin |sland region. However, juvenile
cod were rarely caught during the survey, which was Iargely
exploratory in nature. A second trawl survey for juvenile
groundfish was conducted in 1986 with simlar results.

Turnin? to the 1987 cooperative traw survey, the nodes in
the length frequency distributions indicate that the 2" age group
(1985 year class) was relatively large (Fig. 3). In contrast,

the 3" ‘age group (1984 year class) does not appear to be
unusual Iy large. Based on the relative show ngs of the | age
group during the two triennial surveys, it appears that the 1986
year class (as observed in 1987) mght be small conpared to the
1983 year class that was detected in 1984.

Conpari sons of size conpositions fromthe 1984 and 1987
cooperative trawl surveys show that the 1987 popul ati on was
conposed of slightly smaller fish, indicating a decline in
abundance of the once-dom nant year classes spawned in 1977 and
1978 (Figs. 2 and 3). The decline in the 1977-78 year classes is
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al so borne out by size conposition data fromthe Japanese

| ongline fishery collected by the U S. Foreign Fisheries Cbserver
Program (Zenger and Bl ackburn 1987). |n no case has recent
chruitnent approached the (presuned) levels of the 1977-78 year
cl asses.

Bl OLOG CAL PARAMETERS

Par anmet er val ues enpl oyed herein were based on estimates
derived for the eastern Bering Sea stock of Pacific cod by
Thonpson (1988). Paraneters specific to @ulf of Al aska cod
stocks will be estinmated as age-at-length data becone avail abl e.

Natural Mrtality, Age of Recruitnent, and Maxi num Age

Thonﬁson (1988) estinmated natural nortality at 0. 29,

al though he noted that this value was | ower than nost previous
estimates. The age of recruitment was set at 3 years. Al though
Thonpson set maxi num age at 8 years, this parameter is not
utilized in the present assessnent.

Length and Wi ght at Age

Thonmpson (1988) gave the follow ng |ength-at-age and wei ght -
at-length equations:

L(age) = 105.4*(l-exp(-0.2367*(age-1.057))), and
W(L) = 0.0061*13-1%

where L = length in cm and W= weight in g. The above
parameters were used in the present assessnent to derive val ues
for the Brody wei ght-at-age coefficients (rho and omega) of
1.0613 and -1.1489, respectively (Kinura 1985).

H storical Exploitation Rates

|f the NWAFC trawl survey bionmass estinmates can be taken to
represent mean annual bionass, then the instantaneous rate of
fishing nortality can be estimated for each survey year
dividing catch (in biomass) by the exploitable portion of the
survey bionass estimate. Assuning knife-edge recruitnent at 45
cm the exploitable biomass of the stock was 571,188 t in 1984
and 558,662 t in 1987. Gven catches of 23,766 t in 1984 and
31,128 t in 1987, fishing nortality rates in those years were
0.042 and 0. 056, respectively. These fishing nortality rates
translate into exploitation rates of 3.6% and 4.7% reSpectively.
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MAXI MUM SUSTAI NABLE YI ELD

Al t hough an estimate of maxi num sustainable yield (MSY) is
required by the Magnuson Fishery Conservation and Managenent Act
(MFOW), it should be- noted that the MSY concept might not be
particularly useful for managi ng stocks which exhibit w de
fluctuations in recruitment, as the Qulf of Al aska Pacific cod
stock appears to do. Nevertheless, MY for this stock was
estimited at 88,000-177,000 t by Low et al. (1979) and at 95, 000-
190,000 t by Zenger and Cumm ngs (1983) based on various Qulf of
Al aska groundfish surveys that were conducted in 1980 and 1981.
Zenger and Bl ackburn (1987) utilized the Alverson and Pereyra
(1969) equation to estimate MSY at 125,000 t, but the
I nstantaneous natural nortality rate of 0.45 (Bakkala and
Wespestad 1985) used in this analysis was probably too |arge.
The Al verson-Pereyra nethod is also limted by its strong
assunptions that the biomass |evel corresponding to MSY (B, ) is
one-half the virgin level and that the fishing nortality rate
corresponding to M5Y (F,) is equal to the natural nortality
rate.

To secure an alternative estimte of MSY, the nethod of
stock reduction analysis (SPA) (Kinura and Tagart 1982; Kinura et
al. 1984; Kimura 1985) was enployed. The analysis assuned a
Beverton-Halt (1957) stock-recruitnent curve, which required the
specification of a shape paranmeter A (Kimura 1988). The val ue of
A can range from O (proportional recruitnent) to 1 (constant
recruitnent).

Since there is no time series of stock-recruitnment data for
Qul f of Alaska Pacific cod, it was difficult to establish a value
for A independently. However, it was possible to find a best
estimate of this paraneter by analyzing the SPA output that
resulted fromthe full range of possible A values. The SRA was
conducted by choosing tentative values for A and finding the
1971 (presunmed virgin) biomass and recruitnent |evels that, when
subjected to the observed tine series of catch data, resulted in
a 1984 bionmass |level equal to the recruited portion (145 cm of
the 1984 survey bionass estimate (571,188 t). This procedure
resulted in the output shown in Table 5.
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Table 5. --output of stock reduction analysis under various
val ues of the stock-recruitnment paraneter A

Bl R1 MSY B F_ U

msy msy msy

Y

728,096 19,731 40,988 201,545 0.265 0.203
729,921 19,780 32,522 246,717 0.164 0.132
731,749 19,830 26,392 274,583 0.117 0.096
733,577 19,879 21,451 295,960 0.087 0.072
735,402 19,929 17,272 311,032 0.066 0.056
737,231 19,979 13,625 327,847 0.049 0.042
739,060 20,028 10,378 337,829 0.036 0.031

(cNeNoleoNoNeNeNeNoNal o
L]
OHNWAPULLOHN®BWOO

. 740,888 20,078 7,447 347,252 0.025 0.021

. 742,716 20,127 4,762 368,277 0.016 0.014

. 744,544 20,177 2,293 378,625 0.007 0.006

. 746,370 20,226 0 - 0.000 0.000

= V|rg|n biomass, R = virgin recruitment, NBY = maxi mum.
sustalna le yield, B = bi omass at MSY, F, = fishing nortality

rate at MSY, Ug, = epr0|tat|on rate at MY,

Then, for each tentative A value, the projected 1987
bi omass | evel was conpared with the recruited portion of the
1987 survey biomass estimate (558,662 t). A meiﬁhtlng fact or
was then cal cul ated, which was proportional to the reciprocal
of the 1987 deviation squared. These wejghts were apglled to
the exploitation rates shown in Table 5 in order to obtain a
wei ght ed average exploitation rate, as shomn in Table 6.

Table 6.--Calcul ation of weighted average exploitation

rate, based on accuracy of 1987 bi omass projection.

A d=B(87)-B (87) w=10°/d? WU,

1.0 5,095 38.522 7.820

0.9 8,150 15.055 - 1.987

0.8 11,155 8.036 0.771

0.7 14,110 5.023 0.362

0.6 17,015 3.454 0.193

0.5 19,870 2.533 0.106

0.4 22,676 1.944 0.060

0.3 25,434 1.546 0.032 weighted
0.2 28,143 1.263 0.018 average
0.1 30,805 1.054 0.006 exploit.
0.0 33,420 0.895 0.000 rate

Total 79.326 11.355/79.326 = 0.143
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It is interesting to note that the weighted average
exploitation rate cal cul ated above is nearly identical to the
MSY exploitation rate cal cul ated by Thonpson (1988) for the
eastern Bering Sea cod stock (Ug, = 0.145). he wei ght ed
average exploitation rate of 0.143 corresponds to an A val ue of
0.923, which in turn corresponds to the "best estinates" of MY
and related quantities in Table 7.

Table 7. --SRA "best estinmate" output, based on weighted
average exploitation rate.

A Bl Rl MSY B F Unsy

msy msy

0.923 729,501 19,769 34,190 239,284 0.179 0.143

ACCEPTABLE BI OLOG CAL CATCH

The North Pacific Fishery Managenent Council (NPFMC) has
denonstrated a preference for applying a constant exploitation
rate strategy in managing the various stocks wthin the Gulf of
Al aska groundfish conplex. The NPFMC's Scientific and
Statistical Commttee has expressed a particular interest in
exploitation rates corresponding to F,,, (Qulland and Boerema
1973%, Frsy, Frax (i.€., the fishing nortality rate corresponding
to the maxinumyield per recruit), and F = M

Because of potential anbiguities in interpreting F,;, and
Fmo, 1t may prove hel pful to note the nethodology used in this
assessment. For F,;, two rates were calculated.” The first
(Fo 1a) Was derived fromthe sustainable yield curve, which was
gener at ed usin% an A value of 0.923. The second (Fy 1) was
derived from the yield-per-recruit curve, which- was generated
using an A value of 1 (i.e., constant recruitnent%;_ he sane
yiel d-per-recruit curve was used to derive Fp. his fact is
noted here because sone authors have derived F froma vyield-
per-recruit curve that incorporates density-dependent
recruitment (e.g., Sissenwi ne and Shepherd 1987).

The original inplementation of Deriso's delay-difference
equation assunmes that exploitation rate is reﬁresented by the
term 1l-exp(-F), inplying that the entire catch is taken
i nstantaneously at the start of the year (Deriso 1980). In
contrast, the i1nplenentation used in SRA assunes the standard
form for exploitation rate, inplying a nore realistic
assunption of continuous harvesting. However, this requires
that the weight-at-age paranmeters describe nmean wei ght during
the year, whereas Deriso's delay-difference equation is
predi cated on the assunption that the weight-at-age paraneters
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describe weight at the start of the year. Despite this ninor
di screpancy, the standard exploitation rate shall be used here
for consistency with the rest of the SPA results.

To determ ne acceptable biological catch (ABC), then, al
that is required is to nultipIY projected 1989 exploitable
bi omass (498,044 t) by the exploitation rate corresponding to
the desired F value. The conplete set of F values (together
wi th corresponding exploitation rates and ABC levels) is shown
in Table 8. For conparison, sustainable yield and equilibrium
expl oi tabl e bi onass curves are shown in Figures 4 and 5,
respectively, wth the F values from Table 8 highlighted.

Table 8. --Selected fishing nortality (F) val ues
with corresponding exploitation rates (U)
and 1989 acceptabl e biol ogical catch

(ABC) |evels.
F U ABC
Fyeqa = 0.125 0.102 50,800
Fgoqp = 0.155 0.125 62,256
Frey = 0.179 10.143 71,220
F.. = 0.265 0.203 101,103
F=M = 0.290 0.220 109,570
. Fishing nortality rate at which the slope of
o the sustainable yield vs. fishing nortality
curve is one-tenth of the slope at the
origin, assumng the best estimate of the
stock-recruitment paraneter A
Fo iy - Fishing nortality rate at which the slope of

the sustainable yield vs. fishing nortality
curve is one-tenth the slope at the origin,
assumng A = 0.
F . . Fishing nortality rate associated with

Y maxi mum sust ai nabl e yield, assumng the best
estimate of the stock-recruitnent paraneter

A
F. - Fishing nortality rate associated with
maxi num yiel d per recruit, assumng A = 0.
F=M - Fishing nortality rate set equal to the

natural nortality rate

The NPFMC in the past has expressed a preference for
utilizing an Fg, harvest strategy. Furthernore, since the
MFCVA states that MSY should be the starting point for
cal culation of OY, and since an Fy, harvest strategy should
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produce MsSY, a reasonable recommendation for 1989 ABC would be
the catch corresponding to Fy, (71,220 t).

Bl OVASS PRQAIECTI ONS

Model projections of exploitable biomss from SRA are
given in Figure 6 for the years 1988-92 under each of the F
val ues shown in Table 8. This figure indicates that the stock
shoul d continue to decline noderately fromthe recent high
| evel s when exploited at a reasonable rate. Since these
projections are based in part on a determnistic stock-
recruitnent relationship, they obviously would not reflect the
i npact of anomalously small or |arge year classes, should any
enter the fishery during the next few years.

RESEARCH | N PROGRESS

Data collection for the second U S. longline survey of the
Qul f of Al aska has been conpleted. Data editing and analysis
wll followthis fall and wwnter. An inportant aspect of the
analysis wll be a conmparison to the results of the Japan-U. S
cooperative |ongline survey. | ndi ces of cod abundance and size
conposition data are extracted fromthe survey data.
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SABLEFI SH

by
Jeffrey T. Fujioka'

| NTRODUCTI ON

The sabl efish (Anoplopoma finbria) resource in the
northeastern Pacific Ocean extends from northern Mexico to the
@l f of Alaska, westward to the Aleutian Islands, and into the
Bering Sea. This resource has been harvested by U S. and
Canadi an fishernen since the early 1900s, but catches were
relatively small and generally limted to areas near fishing
ports from California to southeastern Al aska until expansion of
foreign fleets began in the |ate 1950s.

CATCH H STORY

Annual catches in the Qulf of Al aska averaged about 1,500
metric tons (t) in 1930-50, and exploitation rates remai ned |ow
until the Japanese longline fleet expanded into the @Qulf of
Al aska. Catches rapidly escalated during the md 1960s unti
the record all-nation catch fromthe @Qulf of Al aska reached,
37,500 t in 1972 and averaged about 28,000 t in 1973-76.

Evi dence of declining stock abundance led to significant
fishery restrictions from 1977 to 1985, and total catches were
reduced substantially. Catches in 1978-83 averaged 9,206 t in
the Gulf of Al aska and have increased steadily since then to
26,325 t in 1987 (Table 1). In 1988, the reported |andings have
so far totaled 29,867 t (as of 22 Cctober 1988).

‘Auke Bay Laboratory, Al aska Fisheries Center, National MNarine
Fisheries Service, NOAA, P.O Box 210155, Auke Bay, AK 99821
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Table 1. --Annual catch (t) of sablefish in the
Qul f of Al aska, 1977-88.

_ Domestic .
Year Foreign JVP DAP Total
1977 15,961 0 1,179 17,140
1978 7,128 0 1,738 8,866
1979 6,885 - 18 3,447 10,350
1980 6,138 20 2,384 8,542
1981 7,976 0 1,941 9,917
1982 5,645 1 2,910 8,556
1983 4,966 275 3,761 9,002
1984 1,108 528 8,594 10,230
1985 38 226 12,215 12,479
1986 1 45 21,568 21,614
1987 0 180 26,145 26,325
1988 0 36 29,867 29,867

* Includes catches reported frominside waters of State of
Al aska. Catch from EEZ waters for 1988 equals 28,363 t.

JVP = joint venture processing.

DAP = domestic annual processing.

CONDI TI ON OF STOCKS

Rel ati ve Abundance

Since 1978 Japan and the United States have cooperated to
survey sablefish in the Gulf of Alaska with longlines. The
survey area is stratified by depth, and two indices of popul a-
tion abundance are conputed: catch per effort in nunbers
wei ghted by respective strata areas to produce a relative
popul ati on nunber (RPN) and catch per effort neasured in weight
multiplied by strata areas, to produce a relative popul ation
wei ght (RPW (Sasaki 1986). | ndex val ues for the continental
sl ope for depths 201-1,000 mare shown in Table 2 for the years
1979- 88.
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Table 2. --Index values (1,000's)- from the Japan-U.S.
Cooperative Longline Survey as conputed by
Sigler (1988) for 1979-87, and prelimnary
val ues for 1988.

Slope (201-1000 m)

Area Year RPN RPW
Gulf of Alaska 1979 223 651
1980 203 537
1981 255 671
1982 365 987
1983 347 953
1984 369 1,011
1985 467 1,456
1986 471 1,437
1987 428 1,370
1988 483 1,503

RPW = Rel ative popul ation weight.
RPN = Rel ative popul ati on nunber.

The popul ation has increased significantly since 1979, wth
maj or increases occurring in 1982 and 1985. ese increases
have been attributed to recruitnent and growh of the 1977 and
1980 year classes. The indices decreased slightly after 1985
and then increased again in 1988. This increase Is in contrast
toda decreased availability reported by sonme nenbers of
i ndustry.

Absol ut e Abundance

Estimates of absolute bionass for the Gulf of Al aska are
available fromthe 1984 and 1987 triennial traw surveys.
Recent information on the efficiency of nets used in the survey
has revised the results previously reported for the 1984 survey.
The total bionmass estimate is revised upward from 536,400 to
577,463 t; however, the biomass deeper than 200 m has been
revi sed downward approximately 24% In 1987 the survey
estimated total bionmass at 443,800 t.

Expl oi t abl e Bi omass

The biomass estimated for depths deeper than 200 mis
considered to be exploitable biomass. Approximately 42% of
total biomass during the 1984 traw survey and 66% of the total
during the 1987 survey was estinmated to be deeper than 200 m
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Estimates of exploitable biomass for 1979 to 1988 are
obtai ned by scaling estimates of relative bionmass indices from
the longline survey (201-1000 m RPW) from 1979 to 1987 to
esti mates of absolute bionmass. The estinmates of absolute
bi omass used were 42% of the point estimate of the 1984 traw
survey, 42% of the |ower confidence interval of the 1984 traw
survey, and 66% of the 1987 trawl survey biomass estimate.
Values are further nodified to include biomass frominside
popul ations (this is necessary for analysis because catch data
I nclude catch frominside waters of southeast Al aska, an area
not included in the EEZ and not part of the trawl survey) and to
represent bionass at the beginning of the year by adding the
annual catch that occurs between the beginning of the year and
the time of the annual longline survey. The results scaled from
the 1987 estimate are bracketed by the results scaled by the
point estimate and the |ower confidence interval fromthe 1984
survey (Table 3).

Table 3. --Estinmates of exploitable biomass (1,000 t), 1979-88,
based on estinmate and | ower confidence interval of the
1984 trawl survey, and the 1987 trawl survey. Values
are adjusted to represent inside and outside waters of
the Gulf of Al aska at the beginning of the cal endar

year.

Scaled to trawl survey results
1984 1984 1987

Year Point est. Low est. Point est.
1979 177 127 157
1980 146 105 129
1981 182 130 161
1982 265 189 234
1983 257 183 227
1984 274 196 243
1985 : 396 284 351
1986 . 399 288 355
1987 - 387 282 345
1988 426 310 380

Catch at age analysis, adapted by Johnson and Quinn (1988)
to @Qulf of Alaska sablefish, provided estimtes of exploitable
bi omass within the range above.
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RECRU TMENT STRENGTHS

| ncreases in sablefish abundance since the late 1970s have
been attributed to recruitment occurring mainly fromthe 1977 and
1980 year classes. Recruitnent to the longline fishery occurred
at approximately 5 years of age. Recruitment from other year
cl asses through 1983 are thought to be of mnor significance.

The length conposition of sanples taken in the 1986 Japan-
U S. cooperative longline survey 1ndicated that the 1984 year
class may be of above-average strength 1Sigler 1988). Also,
smal | (30-40 cm FL) sablefish, presumably 1984 year class, were
nmore abundant than usual in inside waters of southeastern Al aska
in 1985. Except for one snall isolated bay, |arge concentrations
of juvenile sablefish are not regularly seen. In 1981 abundant
juveniles were observed in southeast Al aska, presumably of the
1980 year class, to which a significant recruitment in 1985 is
attributed. Juveniles were also abundant during the sumer of
1978 and 1979, corresponding to probabl e appearance of juveniles
from the 1977 year class. Thus, the appearance of |arge nunbers
of juveniles in these waters nmay indicate a strong year class and
recruitnment in 1989 fromthe 1984 year class may be strong.
However, a strongAFresence of this year class is nof evident in
1988 sanpling by Al aska Departnent of Fish and Gane” in southea§t
Al aska or in the 1988 cooperative and donestic |ongline surveys".
Sabl efish partially recruit to the survey area by age 4 and a
strong year class would have been expected to be evident in the
survey data.

Bl OLOG CAL PARAMETERS

Natural Mortality, Age of Recruitment, and Maxi mum Age

A natural nortality rate of M= 0.10 is used in the yield
analyses in this report. This conpares to M= 0.22 estinated by
Low et al. (1976) prior to the |latest ageing techniques and M =
0.112 assuned by Funk and Bracken (1984). Johnson and Quinn
(1988) used values of 0.10 and 0.20 in a catch at age anal ysis
and noted that when M= 0.10 was used, estinmated abundance trends
agreed better with survey results.

’Pers. commun. , Novenmber 1988, Barry Bracken, Al aska
Departnent of Fish and Game, P. 0. Box 667, Petersburg, AK 99833.

*Pers. commun.,  Dave Causen, Cctober 1988,  Auke y
Laboratory, Al aska Fisheries Science Center, NOAA, P.QO Box 210155,
Auke Bay, AK 99821.
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The average age of recruitnment to the Gulf of A aska sl ope
where the longline fishery and survey takes place is considered
to be 5 years. The maxi nrum age of sablefish in the @ulf of
Al aska is not determ ned: however, ages of 35 years have been
read fromsanples fromthe trap survey. Canadian researchers
report age determnations up to 55 years (MFarlane and Beam sh
1983).

Length and Wei ght at Age
Von Bertalanffy equations for sablefish sanpled from the

Queen Charlotte Islands (MFarlane and Beam sh 1983) are used to
express length at age:

females males
Linf (asymptotic length) © 81.4 66.7
K (Brody growth coefficient) 0.249 0.290
T(0) (length at time 0) -0.77 -1.07

Follow ng this equation a 5-year-old sablefish would be 62 cm and
55 cmin length for a female and nale, respectively.

MAXI MUM SUSTAI NABLE YI ELD

St ock reduction analysis (SRA) was applied to the 1958-88
catch data. The tine series of catch data was divided into two
parts, 1958-78 and 1979-88, and SRA was applied to each part
sequentially, linked wth joint values for 1978 and 1979. The
anal ysis was done in this way because no single nodel was found
that was consistent wth the biomass trend indicated by the
l ongline survey, the catch history, and the assunption that the
popul ati on decreased significantly from an unexploited
equilibriumcondition in 1958. The separate anal yses allowed the
1979-88 part to be nodified to follow estimtes of 1979-88
expl oi tabl e bi omass and provide an estimate of recruitnent.

Both parts of the analysis assunme the sane natural nortality
rate (M= 010, the sane Schnute. (1985) growth parameters (rho =
0.80 and onega = 0.694) and the same age at recruitment (K = 5).
Both parts are calibrated to the exploitable biomss |evel for
1979, B(79) = '177,000 t (scaled fromthe 1984 point estimte of
biomass). The entire analysis was then repeated using B(79) =
127,000 t (scaled fromthe |ower 95% confidence limt of the
bi omass estimate).

The anal ysis of the 1958-78 catches was done in the standard
way, assumng a virgin biomass in 1958 and scaled to the 1979
biomass estimates. Beverton and Holt recruitnent curves (see
Kinura 1988) were used in this portion of the analysis, that is,
A= 1.0 (constant recruitnent), A = 0.889, and A = 0.480.
Sustai nabl e yields and equilibrium bi onasses were conputed using
Schnute's (1985) form of the delay-difference equation (see
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Kinura 1988). Wiile virgin biomass, B(O, is relatively
insensitive to the recruitnment paraneter chosen, naxinmm
sustainable yield (MSY), By, (biomass that produces MSY), and r,
(i nstantaneous fishing nortality rate at MSY) are highly
sensitive to the recruitnent paraneter (A) chosen. A choice of
MSY and F, fromthis portion of the analysis is highly dependent
on the choice of the recruitnment paraneter.

For 1979-87, annual recruitnment values R(i) are estimated by
fitting biomass in the nodel, B(i), to annual estinates of
exploitable biomass. The R(i)s obtained in this nmanner (and
assuned by the nodel to be the actual recruitnent) average
41,594 t when biomass is scaled to the point estinmate an
33,077 t when bionass is scaled to the |ower confidence |imt.

The yields resulting from nodel s assum ng average constant
recruitnment of 41,594 t and 33,077 t can be conputed using the
Schnute (1985) del ay-difference equation (Table 4). However, the
nodel estimates that MSY occurs at 15% of virgin bionmass. The
popul ati on has actually never been estimated to be that low  The
| onest bionmass is estimated to have been during the years 1977-
80, approximately 21-25% of virgin bionmss (162,000 to 175,000 t
for the biomass scaled to the point estimate or 114,000 to
125,000 t when scaled to the | ower confidence |evel). The
assunption of constant average recruitnment nmay not hold when the
bi omass goes bel ow t hese | evels. Therefore, the nodel is
truncated bel ow the biomass |evels estimated for 1977-80 (years
whi ch have produced successful year classes) and the maxi num
sustainable yield is considered to occur at these |evels.

Table 4. --Results of stock reduction analysis from 1979 to 1988
scaled to the point estimate and | ower confidence |evel
of exploitable biomass as obtained fromthe 1984 traw

survey.
Virgin
R(avg) biomass P MSY Brsy Frsy ' Umsy EY (F, ,)
41,459 788,000 .54 42,000 175,000 0.29 0.240 36,900
33,077 626,000 .49 33,500 125,000 0.33 0.268 29,300
R(avyg) - average recruitment estimated for 1979-88
P - B88/virgin biomass, B88 = 426,000 t, or 310,000 t
MsY - maximum sustainable yield
Bley - biomass at MSY
Fosy - instantaneous fishing rate at MSY
Unsy - exploitation rate at MsSy
EY(F;,) = equilibrium yield at F;, (=.14)
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An alternative to managing the population for MSY is to
exploit the population at a | evel where the marginal increase in
yield is one-tenth the marginal increase in a newy exploited
popul ation (Fy,, policy). For an age of recruitment of 5 years
and recrui tnent 1 ndependent of biomass, this occurs when F = 0.14
(U= 0.124) and biomass, B(Fy;), is 37%of virgin biomass. For
nmodel s estimated from the 1979-88 observations, F,; managenent is
nore conservative than the truncated MSY |evel. Figures 1 and 2
summarize results fromthe 1979-87 anal ysis.

Envi ronnmental conditions may have been especially favorable
during 1977-88, and the resulting yield estimtes nmay be too
high. Also note that the yields are |ong-term averages and that
recruitment is not constant, but apparently quite |ow nost of the
time with occasional |arge year classes. For the 10 years from
which the estimates are obtained, the nodel estimtes that three
of the years account for 75% of the total recruitnent.

ACCEPTABLE BI OLOd CAL CATCH

Al'l nodel s indicate that current biomass is above By, The
1979-88 point estimate results indicate that the stocks are being
harvested at a |level just below the |ong-term average equilibrium
yield (EY) and that at current harvest |evels the average
popul ati on woul d be slightly higher. Alternatively, if it is
assuned that the |ower biomass estimate is correct, current
harvest levels are slightly greater than EY and at current
harvest |evels the biomass w il decrease slightly to a |eve
where EY will increase to current harvest levels. The 1958-78
anal ysis estimated a virgin biomass that was |ess than the
estimated current biomass, indicating that the recent recruitnent
has been unusually large and the population wll decrease
regardl ess of harvest |evels.

Using the default definition of acceptable biological catch
(ABC) as provided in the fishery managenent plan, an ABC can be
computed using the estinmates of popul ation paraneters just
described. Because the current biomass is well above By, this
definition results in ABCs which are too high to provide
practical nmanagenent gui dance for sablefish. |f exploitation
rate under an Fy,,; policy is applied to current biomass as
determned fromthe point estimate, the ABC would be .124 x
426,000 t = 52,800 t, still rather high.

Accept abl e Biol ogi cal Catch Considerations

To exam ne risks stemmng fromthe stochastic nature of the
recrui tment process and the randomerror in the bionass estimate,
five harvest scenarios were examned in a pessimstic nodel that
is scaled to the |lower bound of the biomass estimate and has zero
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recruitnment through 1993. Confirmation of a strong 1984 year
class has not nmaterialized yet, and if it is weak, there is no
i ndi cati on another strong year class would recruit before 1993.
The harvest scenarios conpared include three constant harvest

| evel s and two constant fishing rate policies: 20,000 t;

30,000 t; 40,000 t; F,,; exploitation rate X biomass (point.
estimate scale): F,; exploitation rate X biomass (| ower

confi dence scale).

Exam ned under the pessimstic scenario, the nodel projects
that at constant harvest |levels of 20,000 t or less, the
popul ation woul d not decline to the |ow |levels of abundance
observed during 1977-80 until 1994 (Fig. 3), while a catch |evel
of 30,000 t would decrease the population to the 1977-80 | evels
by the end of 1992. Catches of 40,000 t or greater applied each
year would drive the popul ation, by the end of 1992, bel ow the
1977-80 | evel s.

Wien harvest |evels are determned by nultiplying the Fy,
exploitation rate tinmes the biomass estimated from the point
estimate scale and applied in the pessimstic scenario, the
Bopulation woul d be driven below the 1977-80 |evel by the

eginning of 1992. If the biomass estimated fromthe | ower
confidence interval scale is nmultiplied by the Fy,; exploitation
rate to determ ne harvest levels, then the population would still
be above the 1977-80 |evels at the beginning of 1993 (Fig. 3).

These results indicate that for a pessimstic scenario of
bi omass and recruitnent, a constant harvest |evel policy of
40,000 t and the F,,; harvest rate policy applied to the point
estimate bionass scal e woul d reduce the popul ation too rapidly;
therefore, these policies are not considered acceptable. A
constant harvest of 20,000 t or a constant F,;, exploitation rate
applied to the | ower bionmass scale would allow the population to
remai n above the 1977-80 |evel until 1993.

The 20,000 t and 30,000 t constant harvest |evel policies
and the constant Fy,, exploitation rate policy are conpared in a
scenario of |ower confidence interval biomass scale but with
average constant recruitment (Fig. 3). Because 20,000t is well
bel ow equilibriumyield for current biomass, the popul ation
increases to higher levels where equilibrium yield decreases. At
a constant catch level of 30,000 t, the population slowy
decreases, eventually stabilizing slightly below the equilibrium
bi omass for the F,; policy. Under the Fy; policy the popul ation
ﬂecreases more rapidly to the F,, biomass with greater net
arvest.

Under the F,, exploitation rate policy, risk is acceptable
in the pessimstic scenario, and in a constant recruitnment
scenario, the yield is greater than using acceptable constant
harvest |evel policies. Therefore, it is recommended that the
Fo.. exploitation rate policy be apFIied to bi omass determ ned
using the lower confidence iInterval bionmass scale projected to
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t he begi nning of 1989 assumng zero recruitnment. A bionass of
276,700 t for 1989 is projected with the delay-difference
equation assumng zero recruitnent.- This value includes bionmass
for State of Alaska inside waters as explained in a Freceding
section and thus is adjusted to 249,030 t before applying the
Fo.. exploitation rate (0.124) to obtain an ABC of 30,880 t for
the U S Exclusive Econom c Zone.

It is noted that 30,880 t is greater than the equilibrium
yield for the current bionass assum ng average constant
recruitment in the point estimate nmodel. This is the proper
strategy to apply to a population that is well above By, if the
goal is to maximze yield.

Apportionnment of Catch

Recent tagging studies denonstrate that novenment of
sabl efi sh between areas is nore significant than previously
bel i eved and that sone size-specific novenent may occur (Bracken
1982; Fujioka et al.' 1988). There has been sone concern that an
optimal apportionment strategy may exist that takes into account
fish novement, as well as socioeconomc factors and differences
in size or growh potential of fish residing in different areas
and strata. As yet, there has been no quantitative eval uation of
the effects of geographically concentrated harvests or estimates
of an optimal geographic anortionnent of the harvest. Until
such an analysis is acconplished, the possibility continues to
exi st that an unapportioned or inproperly apportioned gulfw de
TAC coul d disrupt the distribution of the spawning stock or
depl ete a single aggregated spawni ng stock. However, the present
apportionnent schenme or noderate variations of it are not of
concern. In 1988 the council apportioned the 28,000 t TAC
anongst the NPFMC regulatory areas in proportion to the
di stribution of biomass in the 401-1,000 m slope and gully areas
as estimated fromthe 1987 longline survey. The apportionnment of
RPW as estimated fromthe 1988 donestic |longline survey are
conpared to last year's (the assessnent for 1988) TAC
apportionnent:

1988 RP 1988 TAC apportionment
Western 0.16 - 0.145
Central - 0.45 3 0.45
W. Yakutat 0.17 0.175
E. Yak/S.E. 0

.22 0.23

Total Allowable Catch Considerations

In 1987 the North Pacific Fisheries Managenent Counci
(NPFMC) set the total allowable catch (TAC) bel ow ABC. The
NPFMC may wi sh to continue this policy to allow for possible
underestimation of fishing nortality and overharvesting in the
directed fishery. There has been recent concern that
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undocunented nortality and discards have increased due to
high?rading because of bycatch trip linits in both the traw and
longline fisheries; use of crucifiers in the longline fisheries:
di scardi ng when prohibited species catch limts are reached: and
increased | osses during the directed fishery opening due to
setting of excess anounts of gear and increased gear |oss from
ent angl enent .

The yield estimates reported here are influenced by reported
catches fromthe years 1978 to 1988. The yield analysis
conmpensates for consistently underestimated nortality, such that
the estimates of sustainable yield have been reduced accordingly.
However, if unreported nortality has increased recently and
remai ns higher than average, the sustainable yield would be |ess
t han estimated.

Unreported nortality results in an effective fishing rate
hi gher than assuned and the popul ati on response to the harvesting
strategy would be m sjudged. The sustainable yield estimates
conpensate for unreported nortality by underestimating
recruitnment, but this is not the case when projecting biomass
response for given harvesting policies. This Is especially clear
when projecting biomass with zero recruitnent, because there is
no underestimated recruitnent to conpensate. Therefore, any
unreported nortality that occurs during 1989 or later wl|
decrease the popul ation faster than projected. There is no
current estinmate of the amount of unreported nortality: however,
if it was thought that a TAC of 25,000 t would generate an actua
nortality of, for exanple, 30,000 t, the bionass trend | abel ed
30,000 t should be considered as shown in Figure 3.

It has been noted that the popul ati on decreased consi derably
in the early 1970s when reported catches averaged only 28,000 t.
The anount of undocumented nortality during that period is not
known any better than today's undocunented nortality is known.

The possibility is also noted that optinum managenent
opPortunltles_and econom c yields may occur at harvest rates
bel ow t hose bi ol ogi cal | y accept abl e.

Bl OVASS PRQAJECTI ONS

Figure 3 illustrates the preceding acceFtabIe bi ol ogi cal
catch assessnent, showing the estinated popul ation trend over
time as estimated by the 1979-87 |ongline survey, and as
projected by the SRA nodel beyond 1987 at various catch |evels.
The popul ation trends are shown for the two biomass scales (the
point estimate and the | ower confidence bound of the biomass) and
the projected levels are estimated assum ng average constant
recruitment for the point estimate scale, and average and zero
recruitment for the nore pessimstic scale.
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ATKA NMACKEREL

by
Lael L. Ronholt

| NTRODUCTI ON

Atka mackerel (Pleurogrammis nmonopterygius) are distributed
t hroughout the Gulf of Al aska, but are primarily found in the
I nternational North Pacific Fisheries Comm ssion (INPFC) Kodiak
Chiri kof, and Shumagin statistical areas at depths of 50350 m

The dramatic rise and decline of Atka mackerel in the Qulf
of Al aska fishery suggests that this stock was situated at its
extreme geographic range, an area which may only be popul at ed
during periods of favorable environnmental conditions.

For management purposes, the stocks of Atka mackerel in the
Gul f of Al aska have been considered separate and distinct from
the stocks found in the eastern Bering Sea and Al eutian Islands.

CATCH HI STORY

After reaching an all tinme high of nearly 28,000 t in 1975,
the catch of Atka mackerel in the GQulf of Al aska |evel ed off and
remai ned stable near 20,000 t until 1978 (Table 1). Since that
time, however, there has been a dramatic decrease in the catches
in the Gulf of Alaska, first in the Kokiak | NPFC area and then
westward into the Chirikof and Shumagin Island areas (Table 2).

In the early years of the Atka mackerel fishery, foreign
nations were the principal harvesters. Fleets fromthe Soviet
Union initiated the fishery and dom nated the catches until 1980.
From 1981 until 1983, the Republic of Korea and Japan were the
primary harvesters: and since 1984, the US. ioint vent ure
fisheries have been the primary harvesters, although the catches
have been very small.

CONDI TI ON OF THE STOCK

Rel ati ve Abundance

Because Atka mackerel are a densely schooling species and
spend nost of their adult life in proximty to the ocean floor,
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Table 1.--Catch (t) of Atka mackerel ,(H_euLogJ_a.mms_angl_eLg.gj_ui)
in the Gulf of A aska, by fishery categor%, 1974-87.
the

Qotinmum Yield (OY) also is included for years 1977-1987.

Nation

Year U.S.S.R. Japan R.0.K. Mexico Poland J.V. U.S. Total oy
1974 17,531 a - - - - - 17,531

1975 27,776 a - - - -— -- 27,776

1976 19,933 a - - - - -- 19,933

1977 19,246 a - - 209 - -- 19,455 22,000
1978 18,387 1,136 63 - - - -- 19,586 24,800
1979 10,265 568 81 36 - - - 10,950 26,800
1980 10,473 1,896 736 57 - - - 13,162 28,700
1981 -~ 3,636 14,811 - 280 - - 18,727 28,700°
1982 -- 2,087 4,672 - - - - 6,759 28,700
1983 -- 2,806 8,664 - - 790 -- 12,260 28,700
1984 - 532 4 - b 585 31 1,152 28,700
1985 - Tt 2 - -- 1,846 - 1,848 ' 5,278
1986 - - - - - 4 - 4 5,278
1987 - - - - - 1 - 1 240¢

a Reported in a category called "other species.”
b Optinumyield for 1981 is sonetines given (el sewhere) as 33,484 t.

¢ Tr = Trace.
d For 1987, Qulf of Al aska species were nmanaged by target quotas.

Sources:  1974-76: Forrester et al. (1983); foreign and joint venture
catches 1977-84: Berger et al. (1986); foreign and joint venture catches
1985; personal communication with Jerald Berger, US. Foreign Fisheries
Qbserver Program Northwest and Al aska Fisheries Center, National Mrine
Fi sheries Service, NOAA 7600 Sand Point Way NE, BIN C15700, Building
4, Seattle, WA 98115; domestic catches: Pacific Eisherg | nf ormation
Network (PacFIN), Pacific Mrine Fisheries Commission, 305 State Ofice
Building, 1400 SWFifth Avenue, Portland, OR 97201
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Table 2.--Catches (t) of Atka macherel (Pleurogramus nnnﬂpLﬂL*gLus; in the
@l f of glaskaz by fishery caéegory %nd International ™ North Pacific
Fi sheries Commssion statistical area, 1974-87

Area
Year Shumagin Cchirikof Kodiak Yakutat Southeastern Total
1974 USSR 4,742 2,748 10,041 - - 17,531
Japan - - - - - . a
17,531
1975 USSR 2,132 743 23,688 1,213 - 27,776
Japan - - - - - a
27,776
1976 USSR 1,552 4,394 13,211 776° - 19,9313
Japan - - - - - a
19,933
1977 USSR 69 2,087 17,120 . - - 19,246
Japan - - - - - a
Poland - - 909 - - 209
19,455
1978 USSR 184 17,320 893 - - 18,1387
Japan 243 265 338 125 165 . 1,136
ROK 61 2 - - - 63
19,586
1979 USSR 5 708 ' 9,552 - - 10,265
. Japan 322 8 227 11 - 568
ROK 81 - o - - - 81
Mexico 11 4 21 36
10,950
1980 USSR 899 90 9,484 - - 10,473
Japan 35 179 1,511 171 _ Tr 1,896
ROK 736 - - - ) - 736
Poland 48 9 - - - 57
13,162
1981 Japan 699 1,331 1,369 212 25 3,636
ROK 2,551 11,147 46 1,066 - 14,810
Poland 221 59 - - - 280
18,726
1982 Japan 1,922 77 87 1 - 2,087
ROK 1,241 3,431 - - - 4,672
6,759
1983 Japan 1,498 1,242 65 Tr - 2,806
ROK 1,096 7,568 N - - - 8,664
JVv 789 - 1 - -
12,260
1984 Japan 476 56 Tr - - 532
.~ ROK 2 2 - - - 4
Poland - - Tr - - Tr
Jv 578 2 5 - - 585
us 31 - - - - 3]
1,152
1985 Japan Tr - - - - Tr
ROK 2 - - - - 2
Jv 1,843 3 Tr - - 1.846
1,948
1986 JV 4 - Tr - - 4
1987 JVv - - - - - 1

a Reported In a category called "other specles."

Tr: Trace

Sources: 1974-76t Forreeter et al. (1983); foreign and jeint venture catches
1977-841 Berger et al. (1986); foreign and joint venture catches 1585:
personal communication with Jerald Berger, U.S. Foraeign Fisheries Observer
Program, Northwest and Alaska Fisheries Canter, National Marine Fisheries
Service, NOAA, 7600 Sand Point Way NB, BIN C15700, Building 4, Seatle, WA
981157 domestic catches: Pacific Fishery Information Network (PacFIN},

" Pacific Marine Fisherles Commission, 305 State Office Bullding, 1400 SW Fifth
Ave., Portland, OR 97201.
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they are very difficult to assess wth traditional bottom traw

or hydroacoustic surveys. The Atka mackerel's behavi or
characteristics, the changes in major harvestin% fleets and gear,
and the lack of effort statistics for the U S. Tishing operations
make commercial catch per unit effort data (CPUE) neani ngl ess.

Absol ut e Abundance

Bi omass estinmates of Atka nackerel in the @ulf of Al aska
were obtained from National Mrine Fisheries Service groundfish
resource assessnent surveys conducted in 1984 and 1987. During
both surveys, the biomass estimtes for Atka nmackerel were
extremely small, 36,000 t in 1984 and 33,000 in 1987. The
Shumagi n | NPFC area contained over 98% of the total estinate both
years. Wien the abundance of a fish stock becones very low, it
Is extrenely difficult to obtain a neaningful estimate of stock
size with trawl surveys follow ng random sanpling techniques. No
i nformati on on absol ute abundance is available from ot her
sour ces.

RECRU TMENT STRENGTHS

Since the decline of the commercial fishery, the National
Marine Fisheries Service's resource assessment and international
cooperative groundfish surveys have provided the only data
aval l able for evaluating the conditionof the Atka nackere
stocks in the Gulf of Al aska. During the nost recent survey,
1987, the abundance was extrenely low in nost areas of the Qulf
of Al aska; and only the Shumagi n | NPFC provi ded anY bi ol ogi cal
sanples. The size conposition analysis indicates [imted
recruitment was present in the Shumagin area. A new incom ng
group of fish, mean size approximately 30 cm was present:
however, the group was relatively snall when conpared to the
| arge-ol der portion of the stock (Figure 1).

Bl OLOG CAL PARAMETERS

The abundance of Atka nmackerel in the Gulf of Al aska has
been so low that the resource assessnment surveys have not
Brovided adequate sanples to establish recent estinates of

i ol ogi cal parameters. Estimates are available, however, from
?&Sgg;an | sland stocks and are reported by Kinura and Ronhol t
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Figure 1. --Size conposition of Atka mackerel in the Shumagin
I nternational North Pacific Fisheries Conm ssion
statistical area during the National Marine Fisheries
Service resource assessnent survey, June-August 1987.
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MAXI MUM SUSTAI NABLE YI ELD AND Bl OLOd CAL CATCH

No new data are available for estimating MSY or ABC (Ronholt
1988). Because of the | ow abundance and harvest of Atka
mackerel, the North Pacific Fishery Managenment Council has
conbined this species into the other fish category for 1988.
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SLOPE ROCKFI SH

by
David M d ausen' and Jonat han Heifetz*

| NTRODUCTI ON

At |east 30 rockfish species of the genus Sebastes inhabit
waters of the @ulf of Al aska (Eschneyer et al. 1983), and many
are commercially valuable. In 1988, the North Pacific Fishery
Managenent Council (NPFMC) inplemented a new managenent cl assi -
fication schene for Sebastes rockfish in this region.
Accordingly, Sebastes are now classified into three assenbl ages
in the @ulf of A aska based on habitat and distribution:
denersal shelf rockfish, pelagic shelf rockfish, and slope
rockfish. Separate quotas (total allowable catch) are assigned
to each assenblage, rather than to individual species. Likew se
catch statistics are also reported by assenbl age.

Sl ope rockfish are defined as those species of Sebastes
that, as adults, inhabit waters of the outer continental shelf
and continental slope of the GQulf of Al aska, generally in depths
greater than 150-200 m In contrast, shelf rockfish inhabit
shal | ower, nore inshore waters of the shelf. Based on these
criteria, 18 species of rockfish are classified into the slope
rockfish assenbla?e (Table 1). The assenbl age is dom nated
one species, Pacific ocean perch (Sebastes alutus), which has
historically been the nost abundant rockfish in this region and
has provided nost of the past conmercial catch. The other
speci es conprising the assenbl age were conpiled from catches
reported by the foreign observer programin the GQulf of Al aska
(Bracken and Ito 1986), and include all slope species encountered
in this region.

Formerly (1979-87), Sebastes in the Gulf of Al aska were
managed in just two groupings, the "Pacific ocean perch conpl ex"
and "ot her rockfish.” The Pacific ocean perch conpl ex consisted
of Pacific ocean ﬂerch and four other species: northern (S
pol yspinis), rougheye (S. aleutianus), shortraker (S. borealis),
and sharpchin (S. zacentrus) rockfish. Al other Sebastes
rockfish were classified as "other rockfish." To avoid con-
fusion, this old managenent classification is also listed in
Table 1 for each species in the slope assenbl age.

'Auke Bay Laboratory, Northwest and Al aska Fisheries Center,
National Marine Fisheries Service, NOAA P.O Box 210155, Auke Bay,
AK 99821.
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Table 1. --Species conprising the slope rockfish assenbl age in
tﬁe aul f ofrrpAI askg. P J

Former
management
‘ grouping

Common namnme Scientific name (1979-87)
Pacific ocean perch Sebastes alutus P.0.P." complex
Northern rockfish S. polyspinis P.O.P complex
Rougheye rockfish S. aleutianus P.O.P complex
Shortraker rockfish S. borealis P.0.P complex
Sharpchin rockfish S. zacentrus P.0.P complex
Harlequin rockfish S. variegatus Other rockfish
Redbanded rockfish S. babcocki Other rockfish
Greenstriped rockfish S. elongatus Other rockfish
Yellowmouth rockfish S. reedi Other rockfish
Darkblotched rockfish S. crameri Other rockfish
Aurora rockfish S. aurora Other rockfish
Blackgill rockfish s. melanostomus Other rockfish
Chilipepper S. goodei Other rockfish
Pygmy rockfish S. wilsoni Other rockfish
Shortbelly rockfish S. jordani Other rockfish
Splitnose rockfish S. diploproa Other rockfish
Stripetail rockfish S. saxicola . Other rockfish
Vermilion rockfish S. miniatus Other rockfish

*

P.0.P = Pacific ocean pefch.
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In this report, "Pacific ocean perch" refers to just a
single species, Sebastes alutus, whereas "Pacific ocean perch
conpl ex" refers to the first five species listed in Table 1 and
"slope rockfish" refers to all 18 species in Table 1.

CATCH HI STORY

H storical Overview

A Pacific ocean perch traw fishery by the U S S R and
Japan began in the GQulf of Alaska in the early 1960s %Fig. 1).
This fishery devel oped rapidly, with nassive efforts by the
Sovi et and Japanese fleets. Catches peaked in 1965, when a total
of nearly 350,000 netric tons (t) was caught. This apparent
overfishing resulted in a precipitous decline in catches in the
| ate 1960s. Cat ches continued to decline in the 1970s, and by
1978 were only 8,000 t. A snall donestic fishery began in 1977
and has continued since.

During these years, other slope rockfish species were
probably caught along with Pacific ocean perch. However, catches
of -t hese species remain unknown, since prior to 1978 catches for
allrfebastes species were usually reported as Pacific ocean
per ch.

Recent Catches

Detailed catch information for slope rockfish for the years
1977-88 are listed in Table 2. The reader is cautioned that
actual catches of slope rockfish are only shown for 1988; for
previous years, the catches listed are for the Pacific ocean
perch conplex, Pacific ocean perch alone, or all Sebastes rock-
fish, depending upon the year (see Footnote in Table 2). The
acceptabl e biological catches and quotas in Table 2 are gul fw de
val ues, but in actual practice the NPFMC has divided these into
separate, annual apPortionnents for each of the three regulatory
areas of the Gulf of Al aska.

Foreign fishing domnated the fishery from 1977 to 1984, and
catches generally declined during this period. Mst of the catch
was taken by Japan (Carlson et al. 1986). Catches reached a
mninumin 1985, after foreign trawming in the Qulf of A aska was
pr ohi bi t ed.

A donestic fishery first devel oped in 1985, and has expanded
each year since. This fishery is conposed of factory-trawlers
that process the fish at sea for export to Japan. In 1987, the
donestic fishery took its assigned quota (5,000 t), but in 1988
only 82% of the increased quota (16,800 t) was taken. This
failure to reach the quota in 1988 was caused by a | ack of
fishing effort in the western regulatory area, where only 2,541 t
of the 4,850 t apportioned to this area were caught.
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Table 2.--Catch® (t) of fish in the slope rockfish assemblage in the

Gulf of Alaska, with gulfwide values of acceptable
biological catch (ABC) and fishing quotas (t), 1977-88.

Gul fwide

Fishery Regulatory area Management valug
Year category \Western Central Eastern Total ABC Quota
1977 Foreign 6,282 6,166 10,993 23,441

u.s. 0 0 12 12

Jv - - - .

Total 6,282 6,166 11,005 23,453 50,000 30,000
1978 Foreign 3,643 2,024 2,504 8,171

u.s. 0 0 5 5

v - - - -

Total 3,643 2,024 2,509 8,176 50,000 25,000
1979 Foreign 944 2,31 6,434 9,749

u.s. 0 99 6 105

Jv 1 31 35 67

Total 945 2,501 6,475 9,921 50,000 25,000
1980 Foreign 841 3,990 7,616 12,447

u.s. 0 2 2 4

WV ' 0 20 0 20

Total 841 4,012 7,618 12,471 50,000 25,000
1981 foreign 1,233 4,268 6,675 12,176

v.s. 0 7 0 7

Vv 1 0 0 1

Total 1,234 4,275 6,675 12,184 50,000 29,167
1982 Foreign 1,746 6,223 17 7,986

u.s. 0 2 0 2

Jv 0 3 0 3

Total 1,746 6,228 17 7,991 50,000 11,475
1983 Foreign 671 4,726 18 5,615

u.s. 7 8 0 15

Jv 1,934 41 0 1,975

Total 2,612 4,775 18 7,405 50,000 11,475
1984 Fareign 214 2,385 0 2,599

u.s. 116 0 3 119

Jv 1,441 293 0 1,734

Total 1,71 2,678 3 4,452 6,944 11,475
1985 Foreign 6 2 0 8

u.s. 631 13 181 825

JV 211 43 0 254

Total 848 58 181 1,087 6,500 6,083
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Table 2. --(Continued).

Gul fwide

Fishery Requlatory area Management valug
Year category Western Central Eastern Total ABC Quota
1986 Foreign Tr Tr 0 Tr

u.s. 642 394 1,908 2,944

Jv 35 2 0 37

Total 677 396 1,908 2,981 10,500 3,702
1987 Foreign 0 0 0 ‘ 0

u.S. 1,347 1,434 2,088 4,869

Jv 108 4 0 112

Total 1,455 1,438 2,088 4,981 10,500 5,000
1988°¢ Foreign 0 0 0 0

u.s. 2,521 6,587 4,679 13,787

Jv 0 4 0 4

Total 2,521 6,591 4,679 13,791 16,800 16,800

JV = Joint venture. Tr = Trace catches.

Sources: Catch: 1977-84, Carlson et al. (1986); 1985-88, Pacific Fishery Information Network
(PacFIN), Pacific Marine Fisheries Commission, 305 State Office Building, 1400 S.W. S5th Avenue,
Portland, OR 97201. ABC and Quota: 1977-1986 Karinen and Wing (1987); 1987, Clausen et al.
(1988); 1988, pers. comm. with J. Fujioka, NMFS, Auke Bay Lab, P. 0. Box 210155, Auke Bay, AK
99821.

8catch defined as follows: 1977, all Sebastes rockfish for Japanese catch, and Pacific ocean perch
for catches of other nations; 1978, Pacific ocean perch only; 1979-87, the 5 species comprising the
Pacific ocean perch complex; 1988, the 18 species comprising the slope rockfish assemblage.

bauota defined as follows: 1977-86, optimum yield; 1987, target quota; 1988, total allowable catch.

cUpdated as of 3 February 1989.
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CONDI TI ON OF STOCKS

Rel ati ve Abundance

Effort Data

The Japanese trawl fishery in the Qulf of Al aska provides
detailed catch and effort information on Pacific ocean perch for
the years 1964-84. The data in Figure 2 fromthe Japanese
fishery indicate Pacific ocean perch stocks declined to extrenely
low levels by 1978. The total catch of Pacific ocean perch was
down to about 5,000 t, the contribution of Pacific ocean perch to
the Japanese all-species traw catch had decreased to |ess than
15% and the catch per unit effort (CPUE) had decreased to |ess
than 0.2 t/h fromnearly 5.8 t/h in 1965, Catch per unit effort
data after 1978 indicate a severely depressed stock condition.
This is supported by an analysis of Carlson et al. (1986) which
used information fromthe U S. foreign fishery observer program

This time series of CPUE data ended in 1984 when Japanese
trawl fisheries in the Gulf of Al aska were term nated. Simlar
?P%E data have not been avail able fromthe domestic traw

i shery.

Japan-U S, Cooperative Longline Survey

The Japan-U.S. cooperative longline survey provides the only
current relative abundance data on slope rockfish in the Gulf of
Al aska. This survey has been conducted annually since 1979 and
enconpasses the continental slope of all five International North
Pacific Fisheries Conm ssion statistical areas of the gulf.
Detailed CPUE information fromthis survey is available for
Sebast es speci es conbi ned. However, in each year's survey, an
estimated 90-95% of the rockfish catch in depths nore than 200 m
has consisted of just two species, rougheye rockfish and _
shortraker rockfish. Sasaki and Teshinma (1988) conputed relative
popul ati on nunbers (RPNs) for rockfish in the GQulf of Al aska for
each year of the survey. The RPN is an index of relative
abundance consisting of CPUE by depth stratum wei ghted by size
(knf) of the depth stratum On an areal basis, the rockfish RPNs
at depths greater than 200 m |nd|cat|n? conbi ned abundance of
rougheye and shortraker rockfish, show [arge annual variation
(Table 3). The gulfwide RPNs are |less variable. Wthout
associ ated confidence intervals, these results are difficult to
interpret and no consistent trends are apparent. These data
suggest that abundance of rougheye and shortraker rockfish
remai ned stable during this tine period.

The longline survey data in Table 3 show that the rockfish
RPN was consistently higher in the eastern Gulf of Alaska than in
the central and western areas. Each year of the survey (except
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Table 3. --Relative popul ati on number SRPN) of rockfish caught in
the Qulf of Alaska in the Japan-U.S. cooperative
| ongl i ne survey, t1%79- 1987. Includes information from
a

depth strata nore n 200 m
Area® Gulfwide

' (all areas
Year Shumagin Chirikof = FRodiak Yakutat  Southeastern  combined)
1979 931 657 1,251 2,330 2,341 7,510
1980 1,083 2,285 1,476 2,765 2,409 10,018
1981 576 1,185 1,545 1,578 1,536 6,420
1982 454 411 1,202 1,796 1,368 5,231
1983 361 1,203 2,055 2,331 2,403 8,353
1984 - 432 304 665 2,164 2,362 5,927
1985 276 645 1,440 2,868 2,199 7,428
1986 466 805 2,086 2,984 1,597 7,938
1987 589 1,414 2,278 2,624 2,441 9,346
Mean 574 990 1,555 2,382 2,073 7,575
% of mean 7.6 13.1 20.5 31.4 27.4 100.0

:Data from Sasaki and Teshina (1988). o o
International North Pacific Fisheries Comm ssion statistical area.
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1981) the RPN for the eastern gulf (Yakutat and Sout heastern
areas) conprised over half the gulfwde RPN. Averaged over
survey years, the Yakutat and Southeastern areas contain 58.9% of
the gulf RPN. These data indicate that rougheye and shortraker
rockrish are nost abundant in the eastern Gulf of Al aska.

Absol ut e Abundance

Conprehensive triennial traw surveys were conducted in the
@l f of Alaska in 1984 and 1987. These surveys covered all areas
of the gulf and provide nmuch information on slope rockfish,
i ncluding estimates of absol ute abundance (biomass). Results of
the nost recent survey in 1987 will be discussed first in some
detail, followed by a conFarison W th 1984 results. For a
di scussion of the methodol ogy of these surveys, see Brown (1986);
for a detailed presentation of the 1984 survey results concerning

sl ope rockfish, see Causen et al. (1988).

1987 Triennial Trawl Survey

Bi omass estimates fromthe 1987 surve% showed Pacific ocean
perch to be the nost abundant species in the slope rockfish
assenbl age, with 44.7% of the gulfwi de biomass (Table 4). Five
ot her sl ope rockfish species were al so caught in abundance. In
descendi ng order of gulfw de biomass, these five species
included:  northern rockfish, harlequin rockfish, sharpchin
rockfish, rougheye rockfish, and shortraker rockfish. Al other
species in the assenbl age accounted for only 0.3% of the gulf-

w de biomass. On a regional basis, Pacific ocean perch was the
predom nant species in three areas: Shumagin, Chirikof, and
Yakutat. In the Kodiak area, northern rockfish had the highest
bi omass, and in Southeastern, sharpchin was nost inportant. The

overall bionmass estimate for the entire assenbl age was 789,580 t,
and the 95% confidence interval was 605, 163-973,997 t.

Detai |l ed di scussion on each of the six inportant species of
sl ope rockfish foll ows.

Bi omass estinmates of Pacific ocean perch in 1987 were
hi ghest in the Shumagin area, followed by Kodiak, Southeastern,
Chirikof, and Yakutat (Table 5). The gul fwi de bionass estimate
was 352,736 t, and the 95% confidence interval was 213, 282-
492,189 t. In all areas, biomass was concentrated in the 10 -
200 mand 201-300 mdepth strata. H ghest CPUES were in the 201-
300 mstratum except for Shumagin where 101-200 m was greatest.

Nort hern rockfish biomass was distributed primarily in the
central and western gulf, wth highest values in Kodiak followed
by Shumagin -and Chirikof (Table 6). Bi onass was very low in
Yakutat, and no fish were caught in Southeastern. The gul fwi de
bi omass estimate was 172,619 t, and the 95% confidence interva
was 75,841-269,396 t. Northern rockfish were generally _
distributed at depths shallower than Pacific ocean perch wth
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Table 4. --Estinmated biomass (t) of species in the slope
rockfish assenbl age, based on results of the
1987 triennial traw survey of the Qulf of Al aska.
Bi omass estimates were adjusted to the nost
efficient trawl used in the survey.

Percent of

Biomass total assemblage
Area® and species (t) biomass for area
Shumagin
Pacific ocean perch 145,710 64.0
Northern rockfish 60,550 26.6
Rougheye rockfish . 3,988 1.8
Shortraker rockfish 3,248 1.4
Sharpchin rockfish 3,223 1.4
Harlequin rockfish 10,726 4.7
Redbanded rockfish 19 Tr
Other speciesb 77 Tr
Total (all species combined) 227,541 100.0
Chirikof
Pacific ocean perch 43,731 49.7
Northern rockfish 22,112 25.2
Rougheye rockfish 7,812 8.9
Shortraker rockfish 12,879 ‘ 14.6
Sharpchin rockfish 14 Tr
Harlequin rockfish 969 : 1.1
Redbanded rockfish 395 0.4
Other species® ‘ 1 Tr
Total (all species combined) 87,913 100.0
Kodiak
Pacific ocean perch 75,550 30.5
Northern rockfish 88,497 35.8
Rougheye rockfish 22,214 9.0
Shortraker rockfish 17,775 7.2
Sharpchin rockfish 36 Tr
Harlequin rockfish 42,740 17.3
Redbanded rockfish 215 0.1
Other species® 193 0.1

Total (all species combined) 247,220 100.0
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Tabl e 4.-- (Continued).

Percent of

Biomass total assemblage
Area® and species (t) biomass for area
Yakutat
Pacific ocean perch 35,543 45.7
Northern rockfish 1,460 1.9
Rougheye rockfish 10,734 13.8
Shortraker rockfish 8,543 11.0
Sharpchin rockfish 11,587 14.9
Harlequin rockfish 9,376 12.0
Redbanded roc§fish 525 0.7
Other species 45 Tr
Total (all species combined) 77,813 100.0
Southeastern
Pacific ocean perch 52,201 35.0
Northern rockfish 0 0.0
Rougheye rockfish 8,479 5.7
Shortraker rockfish 5,257 3.5
Sharpchin rockfish 55,295 37.1
Harlequin rockfish 27,068 18.1
Redbanded rockfish 406 0.3
Other species 388 0.3
Total (all species combined) 149,094 100.0
Gulfwide, all areas combined
Pacific ocean perch 352,736 44.7
Northern rockfish 172,619 21.9
Rougheye rockfish 53,225 6.7
Shortraker rockfish 47,702 6.0
Sharpchin rockfish 70,.155 8.9
Harlequin rockfish 90,879 11.5
Redbanded rockfish 1,560 0.2
Oother species® ‘ 704 0.1
Total (all species combined) 789,580 100.0

Ir = Trace catches.
| nt er nati onal

ar eas.

°I ncl udes pygny rockfish, yellowrouth rockfish, greenstriped

rockfish, darkblotched rockfish,

North Pacific Fisheries Comm ssion statistical

and splitnose rockfish.
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Table 5. --Estimated biomass, mean catch per unit effort (CPUE), and mean
size of Pacific ocean perch, Sebastes alutus based on results
of the 1987 triennial trawl survey of the Gulf of Alaska.

No. of hauls Mean Mean
trawl Hitg CPUE2 Biomass length weight
Area?  Depth (m) hauls POPY (kg/km®) (1) (cm) (kg)
Shumagin
1-100 106 3 348.3 15,449 20.7 0.18
101-200 55 31 7,840.3 113,965 31.1 0.46
201-300 7 .7 5,871.3 16,070 36.0 0.72
301-500 5 1 89.1 225 - 0.89
501-700 3 0 0.0 0 - -
701-1000 2 0 0.0 0 - -
All depths 178 72 2,141.4 145,710 28.9 0.41
Chirikof
1-100 55 10 314.6 8,359 21.3 0.19
101-200 118 46 925.0 21,968 35.3 0.69
201-300 17 9 1,164.9 13,397 36.2 0.72
301-500 5 2 4.5 7 - 0.46
501-700 4 0 0.0 0 - -
701-1000 4 0 0.0 0 - -
All depths 203 67 639.6 43,731 29.1 0.46
Kodiak
1-100 58 5 9.7 383 21.2 0.17
101-200 149 61 1,209.6 52,232 34.4 0.60
201-300 22 14 1,968.8 22,730 36.9 0.71
301-500 8 5 66.5 197 - 0.66
501-700 é 1 5.0 8 - 0.67
701-1000 1 0 0.0 ] - -
All depths 244 7.3 739.0 75,550 34.8 0.62
Yakutat
1-100 14 0 0.0 0 - -
101-200 63 26 134.5 3,853 21.9 0.22
201-300 21 18 6,431.5 31,347 33.2 0.52
301-500 11 é 115.8 343 39.4 0.85
501-700 3 0 0.0 0 - -
701-1000 0 - - - - -
All depths 112 50 657.6 35,543 31.0 0.45
Southeastern
1-100 1 0 0.0 0 - -
101-200 20 5 157.6 1,556 28.8 0.31
201-300 15 14 9,608.0 48,377 35.4 0.68
301-500 10 7 786.4 2,268 39.0 0.88
501-700 2 0 0.0 0 - -
701-1000 0 - - - - -
All depths 48 26 2,313.7 52,201 35.1 0.67
ALl Gulf - ALl Areas Combined
1-100 234 48 185.4 24,191 21.0 0.18
101-200 405 169 1,613.3 193,574 31.8 0.50
201-300 82 62 3,696.1 131,921 35.2 0.65
301-500 39 21 234.5 3,041 39.1 0.86
501-700 18 1 1.0 8 - 0.67
701-1000 7 0 0.0 0 - .
All depths 785 301 1,118.8 . 352,736 30.8 0.48

F[nternational North Pacific Fisheries Commission statistical areas.
bPacific ocean perch.
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Table 6.--Estimated biomass, mean catch per unit effort (CPUE), and mean size
of northern rockfish, Sebastes polyspinis. based on results of the
1987 triennial trawl survey of the Gulf of Alaska. Biomass and CPUE
were adjusted to the most efficient trawl used in the survey.

No. of - Hauls Mean Mean
trawl with (:PUE2 Biomass length weight
Area® Depth (m) hauls Northern (kg/km®) (t) (cm) (kg)

Shumagin
1-100 106 41 935.3 41,494 9.3 0.43
101-200 55 32 1,308.2 19,015 3.9 0.67
201-300 7 4 14.9 41 - -
301-500 5 0 0.0 0 - -
501-700 3 0 0.0 0 - -
701-1000 2 0 0.0 0 - -
All depths 178 m” 889.8 60,550 30.6 0.48
Chirikof :
1-100 ° 55 14 372.3 9,895 30.7 0.51
101-200 118 44 510.7 12,128 35.2 0.72
201-300 17 3 7.7 89 - 0.48
301-500 5 0 0.0 0 - -
501-700 4 0 0.0 0 - -
701-1000 4 0 0.0 0 - -
All depths 203 61 323.4 22,112 32.8 0.61
Kodiak
1-100 58 13 93.9 3,715 271 0.36
101-200 149 41 1,962.8 84,757 32.6 0.66
201-300 22 5 1.4 17 - 0.58
301-500 8 0 0.0 0 - -
501-700 . ) 1 4.8 7 - 0.53
701-1000 1 0 0.0 0 - -
All depths 244 60 865.6 88,497 32.3 0.64
Yakutat
1-100 14 0 0.0 0 - -
101-200 63 4 51.0 1,460 38.0 0.62
201-300 21 0 0.0 0 - -
301-500 1 0 0.0 0 - -
501-700 3 0 0.0 0 - -
701-1000 0 - - - - -
All depths 112 4 27.0 1,460 38.0 0.62
Southeastern
1-100 1 0 0.0 0 - -
101-200 20 0 0.0 0 - -
201-300 15 0 0.0 Q - -
301-500 10 0 0.0 0 - -
501-700 2 0 0.0 0 - -
701-1000 0 - - - - -
All depths 48 0 0.0 0 - -
ALl Gulf - All Areas Combined
1-100 234 68 422.3 55,104 29.3 0.43
101-200 405 129 978.1 117,361 3.3 0.67
201-300 82 12 4.1 146 - 0.58
301-500 39 0 0.0 0 - -
501-700 18 1 1.0 7 - 0.53
701-1000 . 7 0 0.0 0 - -
All depths 785 202 547.5 172,619 1.7 0.57

*International North Pacific Fisheries Commission statistical areas.
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essentially all the biomass in depths less than 200 m  Hi ghest
CPUE was in the 101-200 m depth stratum

Rougheye rockfish biomass was highest in Kodiak, foIIOﬁed by
Yakut at, ~Sout heastern, Chirikof, and Shumagin (Table 7). The

gul fwi de biomass estinmate was 53,225 t, and the 95% confi dence
Interval was 40, 465-65,985 t. Rougheye rockfish were distributed
deeﬁer than Pacific ocean perch and northern rockfish, wth

hi ghest bi omass and CPUE in the 301-500 m depth stratumin al
areas.

Shortraker rockfish biomass was highest in the Kodiak and
Chirikof areas, with |lesser ambunts in Yakutat, Southeastern, and
Shuna%:n (Table 8). The gul fwi de bionass estinmate was 47,702 t,
and the 95% confidence interval was 16,002-79,402 t. Biomass and
CPUE were distinctly concentrated in the 301-500 m depth stratum
with few fish caught outside of this depth range. Thus, rougheye
and shortraker rockfish cohabitate the sane depths in the GQulf of
Al aska, 301-500 m as previously noted by O ausen et al. (1988)
in the 1984 triennial survey.

Shar pchin rockfish biomass was al nost entirely in the
eastern gulf, wth 79% of the gul fw de biomass comng fromthe
Sout heastern area (Table 9). The gulfw de biomass estinmate was
70,155 t, and the 95% confidence interval was 9,192-131, 117 t.
H ghest biomass and CPUE were in the 201-300 m stratum

Har | equi n rockfish biomass was greatest in the Kodi ak and
Sout heastern areas, and less in Shumagin, Yakutat, and Chiri kof
(Table 10). The gul fw de biomass estimate was 90,879 t. and the
95% confidence interval was 37,461-144,296 t. H ghest bi onass
and CPUE in the central and western gulf were in the 101-200 m
stratum whereas in the eastern gulf they occurred at depths nore
than 200 m

Fish size has an inportant effect upon their marketability
and val ue and can induce fishernmen to target upon |arger fish.
Thus, a conparison of fish size by species in the slope rockfish
assenblage is worthwhile (Tables 5-10). If only adult fish at
dept hs where the¥ are vulnerable to commercial exploitation are
consi dered, shortraker rockfish are the largest in size anong the
six inmportant species in the assenblage. Next In size is
rougheye rockfish, followed by Pacific ocean perch and northern
rockfish, with the latter two species nearly equal in size.
Sharpchin and harlequin rockfish are nuch smaller in size and may
have a | ower market value and be |ess desirable to fishernen.

: E I . I

Results for slope rockfish fromthe 1987 triennial traw
survey are conpared In Table 11 with the 1984 trawl survey
results.. A note of caution is neccesary since specific
conparisons of the actual bionass estimates listed in the table
may be invalid because of standardization problens between the



Table 7.--Estimated biomass,
size of rougheye rockfish
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mean catch per unit effort (CPUE),

, Sebastes aleutianus,

of the 1987 triennial trawl survey of the Gulf of Alaska.
Biomass and CPUE were adjusted to the most efficient trawl used

in the survey.

and mean
based on results

No. of Hauls . Mean Mean
trawl with CPUE _ Biomass length weight
Area® Depth (m) hauls rougheye (kg/kmz) t) (em) (kg)
Shumagin
1-100 106 2 0.7 32 - 0.37
101-200 55 19 39.6 576 34.4 0.68
201-300 7 7 121.5 333 - 0.8%
301-500 5 4 1,205.5 3,047 44.9 1.53
501-700 3 0 0.0 0 - -
701-1000 2 0 0.0 0 - -
All depths 178 32 58.6 - 3,988 43.2 1.20
Chirikof
1-100 55 5 4.0 106 - 0.82
101-200 118 57 87.2 2,072 45.0 0.78
201-300 17 14 206.2 2,3 39.2 1.12
301-500 5 5 1,993.9 3,255 45.6 1.44
501-700 4 1 4.1 8 - 1.61
701-1000 4 1] 0.0 0 - -
ALl depths 203 82 114.2 7,812 43.9 1.09
Kodiak
1-100 58 6 23.9 946 - 0.64
101-200 149 &3 95.3 4,115 32.5 0.65
201-300 22 20 361.7 4,176 38.5 0.92
301-500 8 8 3,974.4 11,764 43.7 1.43
501-700 ) 1 535.9 831 - 1.51
701-1000 1 1 111.0 382 - 1.69
All depths 244 99 217.3 22,214 39.0 1.04
Yakutat
1-100 14 V] 0.0 0 - -
101-200 63 41 63.0 1,804 27.3 0.36
201-300 21 14 453.1 2,208 33.5 0.73
301-500 1 10 2,268.0 6,721 41.8 1.28
501-700 3 0 0.0 0 - -
701-1000 0 - - - - -
All depths 112 - 65 198.6 10,734 36.2 0.81
Southeastern
1-100 1 0 0.0 0 - -
101-200 20 0 0.0 0 - -
201-300 15 4 8.4 42 - 0.26
301-500 10 8 2,851.1 8,224 47.2 1.73
501-700 2 1 211.1 212 - 2.19
701-1000 0 - - - - -
All depths 48 13 375.8 8,479 47.2 1.69
All Gulf - All Areas Combined
1-100 234 13 8.3 1,084 - 0.64
101-200 405 180 71.4 8,567 33.9 0.58
201-300 82 59 255.8 9,130 36.5 0.89
301-500 39 35 2,545.6 33,012 44.3 1.47
501-700 18 3 134.5 1,051 - 1.61
701-1000 7 1 45.9 382 - 1.69
All depths 785 291 168.8 53,225 40.2 1.06
"International North Pacific Fisheries Commission statistical areas.

i
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Table 8:--Estimated biomass, mean catch per unit effort (CPUE), and mean
size of shortraker rockfish, _Sebastes borealis, based on results
of the 1987 triennial trawl survey of the Gulf of Alaska.
Biomass and CPUE were adjusted to the most efficient trawl used
in the survey.

No. of Short- Mean Mean

trawl raker CPUEZBiomass length weight
Area® Depth (m) hauls present (kg/km”) (t) (cm) (kg)

Shumagin
" 1-100 106 0 0.0 0 -
101-200 55 5 25.9 377 - 2.03
201-300 7 2 32.2 88 - 465
301-500 5 5 1,054.5 2,666 56.8 2.90
501-700 3 2 58.6 118 - 0.87
701-1000 . 2 0 0.0 0 - -
Alt depths 178 14 47.7 3,248 56.8 2.58
Chirikof
1-100 55 0 0.0 0 -
101-200 118 3 3.0 71 -
201-300 17 1 0.4 5 - 1.
301-500 5 5 7,734.5 12,628 9.9 6.6
501-700 4 2 92.3 175 - 2.
701-1000 4 0 0.0 0 - -
All depths 203 1 188.4 12,879 69.9 6.48
Kodiak '
1-100 58 2 4.2 166 - -
101-200 149 12 7.7 331 - 1.05
201-300 22 7 175.7 2,028 67.3 4.93
301-500 8 8 4,706.6 13,932 61.6 Wi
501-700 6 3 850.3 1,318 - 2.33
701-1000 1 0 0.0 0 -
All depths 244 32 173.9 17,705 62.2 3.84
Yakutat
1-100 14 0 0.0 0 -
101-200 63 0 0.0 0 -
201-300 21 2 17.9 87 - 4.56
301-500 11 8 2,853.3 8,456 63.5 3.46
501-700 3 0 0.0 0 -
701-1000 0 - - - -
_ ALl depths 112 10 158.0 8,543 63.5 3.47
Southeastern
1-100 1 0 0.0 0 .
101-200 20 0 0.0 0 -
- 201-300 15 1 152.8 770 74.7 8.
301-500 10 5 1,063.0 3,066 63.5 4.1
501-700 2 2 1,413.8 1,421 57.6 2.9
701-1000 0 - - - - -
Alt depths 48 8 233.0 5,257 62.0 4.0

All Gulf - All Areas Combined

1-100 234 2 1.3 166 -

101-200 405 20 6.5 779 - 1.50
201-300 82 13 83.4 2,978 68.6 5.45
301-500 39 31 3,142.0 . 40,747 63.5 4.37
501-700 18 9 388.2 3,032 57.6 2.45
701-1000 7 0 0.0 0 - -
All depths 785 75 151.3 47,702 63.4 4.10

dInternational North Pacific Fisheries Commission statistical areas.



Table

9:- Estimated biomass,
size of sharpchin rockfish,
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mean catch per unit effort (CPUE),

Sebastes zacentrus,

and mean

based on results

of the 1987 triennial trawl survey of the Gulf of Alaska.
Biomass and CPUE were adjusted to the most efficient trawl used

in the survey.

No. of  Sharp- Mean Mean
trawl- chin CPUE Biomass length weight
Area? Depth (m) hauls present (kg/kmz) (t) (cm) (kg)
Shumagin
1-100 106 0 0.0 0 - -
101-200 55 1 221.7 3,223 32.4 0.39
201-300 7 0 0.0 0 - -
301-500 5 0 0.0 0 - -
501-700 3 0 0.0 0 - -
701-1000 2 0 0.0 -0 - -
All depths 178 1 47.4 3,223 32.4 0.39
Chirikof
1-100 55 0 0,0 0 - -
101-200 118 2 0.6 14 - 0.18
201-300 17 0 0.0 0 - -
301-500 5 1] 0.0 0 - -
501-700 4 1] 0.0 0 - -
701-1000 4 0 0.0 0 - -
All depths 203 2 0.2 14 - 0.18
Kodiak
1-100 58 0 0.0 0 - -
101-200 149 7 0.8 36 - 0.20
201-300 22 0 0.0 0 - -
301-500 8 0 0.0 0 - -
501-700 6 0 0.0 0 - -
701-1000 1 0 0.0 0 - -
All depths 244 7 0.4 6 - 0.20
Yakutat
1-100 14 0 0.0 0 - -
101-200 63 12 60.9 1,746 22.1 0.17
201-300 21 9 2,018.9 9,840 25. 0.34
301-500 11 1 0.4 1 -
501-700 3 0 0.0 0 - -
701-1000 o] - - - - -
All depths 112 22 214.6 11,587 24.8 0.30
Southeastern
1-100 1 0 0.0 0 - -
101-200 20 6 877.1 8,658 23.2 0.19
201-300 15 16 9,262.0 46,635 26.7 0.29
301-500 10 2 0.5 1 - -
501-700 2 0 0.0 0 - -
701-1000 0 - - - - -
All depths 48 22 2,450.8 55,295 25.9 0.27
ALl Gulf - ALl Areas Combined
1-100 234 0 0.0 0 - -
101-200 405 28 114.0 13,677 24.2 0.22
201-300 82 2% 1,582.3 56,475 26.5 0.30
301-500 39 3 0.2 3 - -
501-700 18 0 0.0 0 - .
701-1000 7 0 0.0 0 - -
All depths 785 54 222.5 70,155 25.9 0.28
"International North Pacific Fisheries Commission statistical areas.
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Table 10.--Estimated biomass, mean catch per unit effort (CPUE), and mean size

of harlequin rockfish, Sebastes variegatus. based on results of the
1987 triennial trawl survey of the Gulf of Alaska. Biomass and CPUE

were adjusted to the most efficient trawl used in the survey.

No. of Harle- Mean Mean
trawl quin CPUE2 Biomass length weight
Area®  Depth (m) hauls  present Ckg/km®) (t)  (cm) (kg)
Shumagin
1-100 106 12 10.4 460 - 0.14
101-200 55 7 706.2 10,265 30.5 48
201-300 7 0 0.0 0 - -
301-500 5 0 0.0 0 - -
501-700 3 0 0.0 0 - -
701-1000 2 0 0.0 0 - -
ALl depths 178 19 157.6 10,726 30.5 0.44
Chircikof
1-100 55 2 30.1 800 21.3 0.16
101-200 118 8 7.1 169 - 0.33
201-300 17 0 0.0 0 - -
301-500 5 0 0.0 0 - -
501-700 4 0 0.0 0 - -
701-1000 4 0 0.0 0 - -
All depths 203 10 16.2 969 21.3 0.18
Kodiak
1-100 58 é 120.9 4,782 16.5 0.07
101-200 149 30 878.5 37,937 21.5 0.16
201-300 22 4 1.8 21 - 0.28
301-500 8 0 0.0 0 - -
501-700 é 0 0.0 0 - -
701-1000 1 1] 0.0 0 - -
ALl depths 244 40 418.0 42,740 20.4 0.14
Yakutat
1-100 14 2 36.6 594 14.8 0.05
101-200 63 10 70.8 2,029 27.6 0.33
201-300 21 4 1,384.0 6,745 27.3 0.29
301-500 1 2 2.8 8 - -
501-700 3 0 0.0 0 - -
701-1000 0 - - - - -
Alt depths 112 18 173.5 9,376 23.6 0.22
Southeastern
1-100 1 0 0.0 0 - -
101-200 20 6 1,362.5 13,450 24.1 0.19
201-300 - 15 10 2,703.2 13,611 23.8 0.19
301-500 10 3 2.5 7 - -
501-700 2 0 0.0 0 - -
701-1000 0 - - - - -
All depths 48 19 1,199.7 27,068 24.0 0.19
ALl Gulf - All Areas Combined
1-100 234 22 50.9 6,636 16.5 0.08
101-200 405 61 532.2 43,850 22.7 0.19
201-300 82 18 570.9 20,377 24.7 0.21
301-500 19 5 1.2 15 - -
501-700 18 0 0.0 0 - -
701-1000 7 0 0.0 0 - -
All depths 785 106 288.3 90,879 22.1 0.17

"International North Pacific Fisheries Commission statistical areas.
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two surveys. These Froblens are 1) In the central and western
gul f, Japanese vessels provided nost of the fishing effort in
both 1984 and 1987, and in each year the vessels used different
tram gear. No fishing power conparisons are avail abl e between
these two gears. 2) Subareas in the eastern gulf in 1984 were
not sanpled with w despread coverage.; instead, survey effort was
concentrated in two index areas. This results in uncertainty of
the biomass estimates in 1984 in the eastern gulf (C ausen

et al. 1988).

Wth these caveats in mnd, sone general conparisons can be
made between results of the two surveys. The Japanese traw used
in 1984 is considered nore efficient at catching rockfish than
t he Japanese trawl used in 1987. Thus, the bionmass estimtes for
sl ope rockfish in 1987 are believed to be conservative relative
to the biomass estinmates in 1984. |f we assune this to be true,
Table 11 indicates that bionmass for Pacific ocean perch, rougheye
rockfish, and shortraker rockfish. may have renained stable
between 1984 and 1987, whereas bi omass increased sharply for
northern, sharpchin, and harlequin rockfish. The increases for
sharpchin and harl equin rockfish are particularly |arge,
expanding from | ow biomasses in 1984 to relatively |arge
bi omasses in 1987. It should be noted, that even with these
| arge increases, none of the changes in bionmass were
statistically significant because of the large variability
inherent in bottomtraw survey catches of slope rockfish.

Results fromthe two surveys were used to conpare Pacific
ocean perch biomass and CPUE between 1984 and 1987 in two smaller
areas of the eastern GQulf of the Al aska, the Yakutat Canyon, and
Cape Omaney index sites (Table 12). This analysis was done
because there were no standardi zation problens between the two
surveys at these two sites. In each survey, only US. vessels
w th standardi zed trawl gear were used at these two sites, and
the sites were both sanpled with reasonably good coverage each

ear. Table 12 shows there was no significant difference in
iomass at either site between 1984 and 1987. Moreover, the
point estimates of CPUE and bionmass are nearly identical between
years at each site. These data indicate that absolute abundance
of Pacific ocean perch at the index sites was unchanged between
1984 and 1987.

The increase in biomass estimtes for northern, sharpchin,
and harlequin rockfish in 1987 resulted in a changed species

conposi tion of the slope rockfish assenblage (Table 11). In the
1984 survey, Pacific ocean perch were the dom nant species, wth
the other species less inportant. |In 1987, Pacific ocean perch

conprised less than half the assenbl age bi onmass (44.7%, and
northern, sharpchin, and harlequin rockfish included a |arger
proportion than before.

The relative species conposition of slope rockfish appears
to have changed even nore when conpared with the 1960s.
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Tabl e 11. --Conparison of- bionmass estimates for the slope rockfish
assenblage in the 1984 vs. 1987 triennial traw
surveys. Values listed are for the entire Qulf of
Al aska, combining data fromall areas.

Percentage of

Biomass (t) assemblage biomass

Species 1984 1987 1984 1987
Pacific ocean perch 370,673 352,736 63.5 44.7
Northern rqckfish 75,731 172,619 13.0 21.9
Rougheye rockfish 74,368 53,225 12.7 6.7
Shortrakef rockfish 53,661 47,702 9.2 ‘ 6.0
Sharpchin rockfish 5,989 70,155 1.0 8.9
Harlequin rockfish 1,777 90,879 0.3 11.5
Redbanded rockfish 1,194 1,560 0.2 0.2
Other species 449 704 0.1 0.1
Total (all species 583,842 789,580 100.0 100.0

combined)
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catch per unit effort (CPUE) and biomass for
Yakutat Canyon and Cape Ommaney index sites. Sites were
sanpled during the 1984 and 1987 triennial traw surveys
inthe Qulf of Alaska. Catches from 1984 were standardized
to the polyethylene northeastern traw used in the 1987

Tabl e 12.--C?EEarison of 1984 vs. 1987 Pacific ocean perch, Sebastes

survey.
No. of CPUE Biomass 95% Confidence
Year trawl hauls (kg/knz) (t) interval of biomass
Yakutat Canyon Index Site®
1984 75 1,561.2 17,033 998-33,069
1987 30 1,860.4 20,298 0-41,018
Cape Ommaney Index site®
1984 73 -3,510.9 32,694 8,764-56,624
1987 26 3,443.7 32,068 265-63,871

®140°00'-142°00' W. longitude, 101-500 m depth.

®55°00'-56°30"' N. latitude, 101-500 m depth.
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Westrheim (1970) reported that in traw surveys of the @ulf of

Al aska in 1963-66, Pacific ocean perch conprised nore than 90% of
the rockfish catch at all depths, far greater than in either the
1984 or 1987 surveys. Westrheim and Tsuyuki (1971) also found
that northern rockfish appeared to be a mnor conponent of the
rockfish community in the Gulf of Alaska in the 1960s whereas
this species was abundant in recent surveys. Harlequin rockfish
were not taxonom cally described until 1971 and were unreported
from the 1960s surveys.

The reasons for the apparent |large increase in abundance of
sharpchin and harlequin rockfish between 1984 and 1987 are
unclear. Gven the slow growmh rates of all rockfish species, it
seenms inprobable that the increase could result fromthe sudden
appear ance of successful year classes. (However, there is
evi dence of an abundant year class of harlequin rockfish in sone
areas of the gulf in 1987--see Recruitnment Strengths Section.)
Likewise, it 1s unlikely that the fish mgrated into the Qulf of
Al aska from other areas of the northeast Pacific Ocean. Research
conducted prior to 1984 indicated these fish to be abundant. In
a 1978 traw survey of the Southeastern area, harlequin rockfish
were reported to be the nost abundant rockfish species, wth
sharpchin rockfish nearly as abundant as Pacific ocean perch
(Fel dman and Rose 1981). This suggests that both species in 1984
may have been present in some abundance in the Qulf of Al aska,
but for reasons unknown were not available to the survey at that
time. Cearly, nore research into the biology and popul ation
dynam cs of these two species is needed.

Conpari son Between 1987 Trawl Survey
and 1979-87 Lonaline Survey

The trawl survey results can be conpared with the Japan-U.S.
Cooperative Longline Survey in regards to the geographic abun-
dance of rougheye and shortraker rockfish (Table 13). Both
surveys show that in the Shumagin area, the abundance of the two
aﬁecies Is proportionately |low.  However, the two surveys differ

en other areas are conpared. The trawl survey indicates nost
of the biomass is in the Chirikof and Kodi ak areas, contrasting
with the longline survey results where nost of the bionmass was
found in the eastern gulf (Yakutat and Southeastern areas).

This difference in bionass anong certain areas may be
expl ai ned by the inabilit% of the traw survey to adequately
sanple the 301-500 m depth-stratum (where nost shortraker and
rougheye rockfish are caught) in the eastern @ulf of Al aska.

Much of this stratum along the continental slope in the eastern
gulf was either untraw able or marginally trawl able with the gear
used in the survey. This may have caused rougheye and shortraker
bi omass in the eastern gulf to be underestimated. |n contrast,
the longline survey had no problem sanpling these rough bottom
areas. Thus, the longline surve¥ results may better indicate the
actual geographic distribution of rougheye and shortraker
rockfish biomass in the gulf.
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Tabl e 13.--Rou%heye and shortraker rockfish, Sebastes aleutianus and
S. Dborealis, abundance in the Gulf of Alaska conpared
between the 1987 triennial traw survey and the Japan-
U.S. cooperative longline survey.

Area®
Survey Unit Shumagin Chirikof  Kodiak Yakutat Southeastern
Trawl $ biomass® 7.2 20.5 39.6 19.1 13.6
Longline % RPN 7.6 13.1 - 20.5 31.5 27.4

®International North Pacific Fisheries Conmmssion statistical area.
"bi omass for rougheye and shortraker rockfish conbined.
‘RPN = rel ative &qul ation nunber for rockfish in depths >200 m averaged over

the years 1979- may include a small nunber of rockfish other than rougheye
and shortraker rockfish.



123

Current Exploitable Bionass

Current exploitable bionmass for slope rockfish in the Qulf
of Alaska is estimated at 702,191 t (Table 14). This estimte is
derived fromthe gul fwi de bionmass estimate in the 1987 traw
survey of 789;580 t, excluding the 87,389 t in the [-100 m depth
stratum  The |-100 m depth stratum was renoved fromthe estimte
because nost slope rockfish in this stratumare small juvenile
fish younger than the age of recruitnent, and thus are not
considered exploitable. Qulfw de nmean weight of Pacific ocean
perch in [-100 mwas only 0.18 kg (Table 5) and nean age of these
fish was 3.5 years (see Fig. 9 later in this report). This age
is much younger than the recruitable age of 9 years for Pacific
ocean perch (Table 15 later in this report).

RECRU TMENT STRENGTHS

| nformation on recruitnent strength of slope rockfish in the
Qul f of Al aska are currently based on two sources, both fromthe
1987 trawl survey: length-frequency distributions of the six
i nportant species in the assenbl age, and age conpositions for
Paci fic ocean perch.

Length Frequency Distributions

Lengt h-frequency distributions for Pacific ocean perch show
di stinct nodes of small fish at approximately 20 cmlength in al
areas of the gulf except Kodiak $Fig. 3). his indicates a
possi bl e successful year class of fish over a wide area of the
gulf. The graphs further denonstrate the increasing size of
Pacific ocean perch with depth.

For the remaining five. major species in the assenbl age,
there is little evidence of abundant year classes except for
harl equi n rockfish and Fossibly rougheye rockfish (Figs. 4-8).
An obvi ous node of small harlequin rockfish is seen at around | 7-
18 cmin both the Kodiak and Yakutat areas, perha%s i ndicating a
strong year class. Small nodes of fish can also be distinguished
in the graphs for rougheye rockfish at 23-25 cmin Shumagin,
Kodi ak, and Sout heastern. No discernible nodes are seen in the
figures for northern, shortraker, or sharpchin rockfish. The
graphs for shortraker rockfish show alnost no fish |less than 40
cm indicating young of this species probably reside in a habitat
i naccessible to the trawl gear used in the survey.

Age Conposition of Pacific Ocean Perch

Age conﬁositions_of Paci fic ocean perch from the 1987 traw
survey are shown in Figure 9 for the Gulf of Alaska. Ages ranged
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Tabl e 14.-- Expl oi tabl e bi omass of slope rockfish in the GQulf of

Al aska, based on results of the 1987 triennial traw
survey.
Area
Western Central Eastern Total
Shallow slope rockfish
Pacific ocean perch 130,261 110,539 87,744 328,544
Northern rockfish 19,056 96,999 1,460 117,515
Harlequin rockfish 10,265 38,127 35,850 84,242
Sharpchin rockfish 3,223 50 66,850 70,123
Other 88 802 1,198 2,088
Total shallow slope 162,893 246,517 193,102 602,512
rockfish
Deep slope rockfish
Rougheye rockfish 3,956 28,974 19,213 52,143
Shortraker rockfish 3,248 30,488 13,800 ‘47,536
Total deep slope 7,204 59,462 33,013 99,679
rockfish
Total slope rockfish 170,097 305,979 226,115 702,191
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Al aska. Distributions are based on results of the 1987
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from2 to 78 years én = 1,824 fish aged), and were determ ned
using the "break and burn" nmethod of ageing otoliths. These ages
were used to develop a gul fwi de age-length key, which was then
used to estimate the age conposition of Pacific ocean perch

popul ations in the gulf.

Three prom nent year classes can be identified in areas
across the qulf: 1976 (age I1), 1980 (age 7), and 1984 (age 3).
The 1977 and 1983 year classes al so appear relatively strong in
sone areas. The 1976 year class is evident in all areas except
Shumagin; 1980 is strong everywhere except Yakutat; and 1984 is
absent only in Kodiak. Since 1976 there is evidence of a nunber
of successful year classes of Pacific ocean perch in the gulf.

Previous investigations have also identified a strong 1976
year class in the Gult of Alaska (Carlson et al. 1986; O ausen
et al. 1988) and in the Aleutian Islands (Ito 1987). ldentifi-
abl e nodes of small fish at 24 cmseen in the 1984 trawl survey
in the Yakutat and Southeastern areas (C ausen et al. 1988)
probably correspond to the 1980 year class. Simlarly, the nodes
of young Pacific ocean perch at 20 cmnoted in the 1987 survey
ﬂdiscussed in the section above) are likely fromthe 1984 year
cl ass.

The success of these year classes indicates future stock
condition of the Pacific ocean perch may be inmproving. The age
conpositions (Fig. 9) show a |ong period of weak year classes in
the years previous to 1976. The resulting years of poor
recruitnment may have del ayed recovery of Pacific ocean perch
Rggglations after they were overfished in the 1960s and early

S.

Bl OLOG CAL PARAMETERS

Natural Mrtality, Maxinum Age,, and Age at Recruitnent

Usi ng the sectioned break and burn nethod of determ ning age
fromotoliths, Archibald et al. 1981, Nelson and Quinn 1987, and
others determned nortality rates, maxi num age, and age of
recruitment for some species of slope rockfish (Table 15). Age
sanples collected in the 1984 and 1987 trawl surveys are
currently being analyzed to provide further information on these
par anet ers.

Length and Wei ght at Age
Length and wei ght at age for slope rockfish are shown in

Tabl e 16.
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Table 15. --Instantaneous rate of natural nortality, naxinum
age, and age of recruitnent for slope rockfish. Area
i ndi cates [ocation of study: British Colunbia (BO),
Qul f of Alaska (GOA), Aleutians (AL).

Natural Age of .
mortality Maximum recruit- Refer-
Species rate age ment Area ence
Pac. ocean 0.04-0.06 77 - BC 1
perch 0.02-0.08 77 - BC 1
- 78 - GOA 2
- ' 98 - AL 3
- - 9 GOA 4
Northern ' - 43 - GOA 2
Rougheye 0.03-0.04 68 - BC 1
0.01-0.02 72 - BC 1
0.04 95 30 GOA 5,6
Sharpchin 0.05 46 - BC 1
Yellowmouth 0.06 41 - BC 1
Darkblotched 0.07 48 - BC 1

1) Archibald et al. 1981; 2) Unpublished data Auke Bay
Laboratory; 3) Ito 1987; 4) Kinura et al. 1984; 5) Nelson and
Quinn 1987; 6) Nelson 1986.
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Table 16. --Von Bertal anffy paraneters and | ength-wei ght
coefficients for sone species of slope rockfish.
Lengt h-wei ght coefficients are for the relationship
w= aL  where W= weight in kg and L = length in cm

Length-weight coefficients ¢t, k L, Refer-
Species a b . (cm) ence
Pacif. ocean 1.54 x 10'5 2.96 -8.22 0.088 44.8 1,2
perch - -5.22 0.126 42.6 1
Northern 1.63 x 10 2.98 1.95 0.301 36.2 3
Rougheye - -4.21 0.050 54.7 4
Sharpchin - -2.12 - 0.095 34.9 1

1) Archibald et al. 1981; 2) Ito 1982; 3) Unpublished
data Auke Bay Laboratory, P.QO Box 210155, Auke Bay AK 99821,
4) Nel son 1986.



136

MAXI MUM SUSTAI NABLE YI ELD

St ock Reduction Analysis

To determne potential yield for slope rockfish, generalized
stock reduction analysis (SRA) (Kinmura et al. 1984; Kinura 1985)
was applied to Pacific ocean perch. Results of SRA were then
applied to other slope rockfish assumng that growh, nortality,
and stock condition were simlar for all species. In the future,
this analysis may be inproved when information on biol ogical
paranmeters becones available for the other species.

| nput data required for SRA used in this analysis: estinmated
annual catches of Pacific ocean perch from 1961 to 1987 (Table
17): rate of instantaneous natural nortality (M= 0.05; from
Archi bald et al. (1981? estimate of rate of total instantaneous
nortality (Z) of lightly exploited stocks of Pacific ocean
perch): Schnute (1985) growth nodel paranmeters (rho = 0.931
onega = 0.82; Kinura 1985); age of recruitnment (k = 9 years:
Kimura 1985); current exploitable bionmass = 328,544 t (point
estimate from Table 14) and 190,627 t (|l ower confidence
interval).

The SRA was perfornmed using three Beverton-Holt stock
recruitment |evels ranging fromconstant recruitnent (A= 1.0) to
70% of virgin recruitment at 50% of virgin biomass (A = 0.6).

The various recruitnment scenarios and estinmates of exploitable

bi omass were necessary for the analysis because of the
uncertainty regarding Pacific ocean perch exploitable bionass and
recrui tment relationships.

Assuming that the stock was unexploited in 1960, the results
of SRA estimated that virgin biomass ranged from 1,460,000 to
1,640,000t and current biomass is 12 to 25% of virgin bionass
(Table 18 and Fi?. 10). Val ues of maxi num sustai nable yield (MSY)
are quite variable and depend on the correspondi ng recruitnent
model .  Except for the constant recruitnment nodel (A =1.0,
current exploitable bionmass is well below bionass that produces
MSY. The constant recruitnent nodel fit to the |ower
95% confi dence bounds of 1987 expl oitable bionmass produced no
solution to the SRA equations; catch would have had to exceed
bi omass. For the constant recruitnment nodel fit to the point
estimate of 1987 bionmass, SRA inplied that catch was greater than
90% of exploitable bionmass in sone years. Thus, the constant
recruitment nodel is probably unrealistic and estimtes of MY
fromthe other nodels are nore reasonable. In these other
model s, MSY ranges from 12,900 to 25,500 t and exploitation rates
at MSY (U ) range from 0.021 to 0.057. The relationship between
yi el dexpl oitable biomass, and instantaneous rate of fishing
nortality (F) is shown in Figure 11
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Table 17. --Estimated catch of Pacific ocean perch
Sebastes alutus, in the @ilf of Al aska,

1961- 87.

Year, Catch (t) Year Catch (t)
1961 16,000 1975 50,400
1962 65,000 1976 45,500
1963 136,300 1977 21,600
1964 243,400 1978 8,000
1965 348,600 1979 - 8,300
1966 200,800 1980 10,800
1967 120,000 1981 10,500
1968 100,200 1982 5,400
1969 72,600 1983 2,821
1970 44,900 1984 2,752
1971 77,500 1985 800
1972 77,600 1986 2,200
1973 56,400 1987 3,500
1974 51,000

Sources: 1961-82 from Bal siger et al. (1985); 1983-87
estimated from catch conposition in foreign observer
reports (Nelson et al. 1983; Berger et al. 1984, 1985).
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Table 18. --Results of @ulf of A aska stock reduction analysis for

Paci fic ocean perch.

Recruit. Virgin
coeff. biomass P MSY B F U Fo 4

Lower conf. limit 1987 expl. biomass (B87) = 190,627 t

1.000 No solutlon - catch exceeds biomass)
0.889: 460,000 0.13 24,400 429,600 0.060 0.057 0.040
-0.600 1 546,500 0.12 12,900 607,100 0.022 0.021 0.017
Point est. 1987 expl. biomass (B87) = 328,545 t
1.000 1,419,000 0.25 34,200 230,600 0.165 0.148 .060
0.889 1,527,000 0.21 25,500 449,000 0.060 0.057 0.040
0.600 1,640,000 0.20 13,700 643,700 0.022 0.021 017

P = B87/virgin biomass.

MSY = Maximum sustainable yield.

Brsy = Biomass which produces MSY.

Frsy = Instantaneous fishing mortality rate at MsY.

Unnsy = Exploitation rate at MSY.

= Level of F where the marginal increase in yield due an
intrease in Fis 10% of the margi nal increase in yield at F=0
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ACCEPTABLE BI OLOG CAL CATCH

Paci fi c Ccean Perch

Mil tiplying MSY exploitation rates (Us,) by the point
estimate of current exploitable biomass gives a range of ABC for
Pacific ocean perch in the Gulf of Alaska of 6,898 to 18,727 t.
Because of the uncertainty of the stock recruitnment relationshinp,
a conservative ABC, near the lower end of the range, is
reconmended to assure Uy, is not exceeded.

Sl ope Assenbl age

An ABC for the slope assenbl age can be det erm ned- by
assumng that all species are simlar to Pacific ocean. perch in
productivity and stock condition. By using the sane exploitation
rates used for Pacific ocean perch, a range of ABC can-be
conputed for each species. in the assenbl age by nultipIYin% Ursy
(0.021 to 0.0S?%_by the estimates of current exploitable bionmass
in Table 14. This results in ABCs apportioned to each species in
the same proportion as that estinmated for their exploitable
bi omass. A range of ABC for the slope assenbl age (including
Pacific ocean perch) estimated by summ ng the individual species
ABCs gives an ABC of 14,746 to 40,025 t.

The nmethod descri bed above assunes that the fishery harvests
t he assenblage ABC in proportion to the abundance estinmated for
each species of the slope assenblage fromthe 1987 traw survey.
If this assunption is not net, overexploitation of sone species
of slope rockfish may result. Such overexploitation may occur if
t he fisherK targets or avoids certain species in the assenbl age.
Al though there is no information on the current species
conposition in the catch, the foreign fishery for Pacific ocean
perch nostly occurred at depths greater than 200 n]éBaIsi er
et al. 1985). Fishing at such depths would occur if the fishery
targets on the largest and nost valuable fish in the assenbl age
éshOﬂ&Saker and rougheye rockfish and | arger Pacific ocean perch;
ig. :

To determne effects of targeting, exploitable biomass of
deep sl ope rockfish §rougheye and shortraker rockfish) was
projected for three fishing strategies, two estimtes of
expl oi tabl e biomass, and two catch levels (Fig. 13). The three
fishing strategies were 1) no targeting (species conposition in
the catch is proportional to 1987 expl oitabl e bionmass),

2& targeting at depths greater than 200 m (species conposition in
the catch is the sane as species conposition at depths greater
than 200 min the 1987 traw survey), and 3) targeting at depths
greater than 300 m (species conposition in the catch is the sanme
as species conposition at depths greater than 300 min the 1987
trawl survey). The starting point for the projections was the
point estimate of 1987 exploitable biomass for deep slope
rockfish (99,679 t) and the | ower 95% confidence |imt of 1987
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expl oi tabl e bi onass for deep slope rockfish (69,546 t). The two
catch levels corresponded to assenbl age catches of 14,746 and
28,200 t. The 14,746 catch level corresponds to a conservative
U of 0.021. The 28,200 catch |evel corresponds to a
observative F = Mexploitation rate (0.040). For sinplicity,
deep sl ope rockfish were assuned to be simlar to Pacific ocean
perch in productivity. Recruitnment was scaled to recruitnent
fromthe SRA nodel for Pacific ocean perch under Beverton-Holt
recruitment with A = 0.889. These assunptions are probably
optimstic with regard to productivity of deep slope rockfish.

Wth targeting, the nodel projects that an assenbl age
exploitation rate of 0.040 (catch = 28,200 t) causes the
expl oi tabl e bi omass of deep slope rockfish to decline (Fig. 13).
Targeting causes increased exploitation rates of deep slope
rockfish because a greater proportion of the assenblage catch is
conposed of deep slope rockfish (Table 19). For exanple, in the
noderate targeting scenario (>200 m), an assenbl age catch of
28,200 t results 1n exploitation rates of deep slope rockfish of
0.081 to 0.115 which are higher than the range of Uy, val ues
determned from SRA (0.021 to 0.057). In contrast, a catch of
14,746 t results in exploitation rates of deep slope rockfish of
0.042 to 0.059 which are generally within the range of Uy, val ues
determ ned from SRA

Based on these considerations, a catch of 14,746 t is
recommended for slope rockfish for 1989. This ABC will mnim ze
possi bl e overexploitation of deep slope rockfish and shoul d
al | ow ot her species to increase towards By, Apportionnment of
the recommended ABC to each managenent area in the same
proportion as exploitable biomass fromthe triennial traw survey
gives ABCs of 3,572 t for the Wstern, 6,426 t for the Central,
and 4,748 t for the eastern Qulf of Al aska (Tabl e 20).



145

Tabl e 19. --Projected exploitation rates of deep slope rockfish
for 1989 as estimated by the stock reduction analysis

model
Effective exploitation rate
No targeting Targeting Targeting
Assemblage : >200 m >300m
catch (t) (P = 0.14) (P = 0.30) (P = 0.96)

Point estimate model

14,746 0.020 0.042 0.153
28,200 0.037 0.081 0.293

Lower confidence interval model

14,746 0.028 0.059 0.232
28,200 0.052 0.115 0.445

P = Proportion of assenblage catch conposed of deep sl ope
rockfish.
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Tabl e 20. --Recommended sl ope rockfish acceptabl e biol ogical catch
(t) for managenent areas in the the Gulf of Al aska,
1989.

Management area
Species Western Central Eastern Total

Shallow slope rockfish

Pacific ocean perch 2,735 2,321 1,843 6,899

Northern rockfish 400 2,037 31 2,468

Harlequin rockfish - 216 801 753 1;770

Sharpchin rockfish 68 1 ‘1,404 1,473

Other 2 17 25 44

Total shallow slope 3,421 5,177 4,056 12,654
rockfish

Deep slope rockfish

Rougheye rockfish 83 608 403 1,094
Shortraker rockfish 68 640 290 998

Total deep slope 151 1,248 693 2,092
rockfish

Total slope rockfish 3,572 6,425 4,749 14,746
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THORNYHEADS

by
Pierre K Dawson and Herbert H. Shippen

| NTRODUCTI ON

The shortspine thornyhead (Sebastolobus alascanus) inhabits
deep waters from92 to 1,460 mfromthe Bering Sea to Baja
California. Thornyheads are abundant throughout the GQulf of
Al aska and are commonly taken in bottomtraws from resource
assessment surveys. I nce 1980, the shortspine thornyhead
resource has been nanaged as a unit in the @ulf of Al aska.

Wiile in the past the species was not ordinarily the target
of fisheries, today thornyheads are one of the nost val uabl e of
the rockfish species and are sought after. However, they are
also taken in trawl and longline fisheries aimng at other
species. According to Alverson et al. (1964), fishes commonly
associated with thornyheads are arrowtooth flounder (Atheresthes
stom as), Pacific ocean perch (Sehastes alutus), sablefish
(An%Plgpgaa 5gnpriah, Qex sol e (Gyntacephalus hort r ak
zachi rus), ver sole (Mcrostomus pacificus), sShortraxer
rockfish (Sebastes borealis), rougheye rockfish (Sebastes
al eutianus), and grenadiers (famly Macrouridae).

CATCH HI STORY

As an el ement of the deepwater community of denersal fishes,
t hornyheads have been fished 1n the northeastern Pacific Ccean
since the late 19th century, when commercial trawing by US. and
Canadi an fishernen began. In the md-1960s Soviet fleets arrived
in the eastern Gulf of Al aska (Chitwood 1969), where they were
soon joined by vessels from Japan and the Republic of Korea.

Thornyhead cat ches have been reported in a variety of ways.
There are no records of the catches of thornyheads in these early
fisheries. The first data began to accrue as part of the U S.
Foreign Fisheries Cbserver Programin 1977, when the catch in the
Qulf of Alaska (as a whole) was estinmated at 1,163 t (Wall et al.
1978). From 1980 on, the observer program has generated annual
estimates of the foreign catch of thornyheads by International
North Pacific Fisheries Comm ssion (INPFC) statistical area.

Since 1983 the observer program has al so estinated the catches of
t hornyheads in the joint venture fisheries. Finally (in 1984 for
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the first tine), thornyheads were identified as a separate entity
in the US donestic catch statistics (Table 1).

The catches of thornyheads in the Gulf of Al aska declined
markedly in 1984 and 1985 because of restrictions on foreign
fisheries inposed by U S. managenent policies. In 1985 the U S
catch surpassed the foreign catch for the first tinme. U S.
catches of thornyheads have continued to increase with the 1988
year-to-date catch being the highest on record. Not represented
In the catches are thornyheads that are discarded as bycatch in
the US. longline fishery, a fishery that has rapidly expanded
since 1983.

CONDI TI ON OF THE STOCKS

Rel ati ve Abundance

Several factors conplicate the nana%enent of thornyheads.
First, the population structure of the thornyheads has not been
defined. As a matter of practical convenience, those thornyheads
inhabiting the Gulf of Al aska are nmanaged as a single stock,

I ndependent of those in the Bering Sea-Al eutian region or the
region to the south. Second, because of the incidental nature
of the thornyhead harvest, catch and catch per unit effort (CPUE)
of thornyheads are often functions of fisheries directed at the
target species rather than at thornyheads thensel ves.

Trawl _Surveys

Resour ce assessnent surveys provide sonme information about
changes in relative abundance of thornyheads over tine. Results
of bottomtrawl surveys in 1979, 1981, and 1984 (expressed in
kilograns of catch per square kilometer (kg/knf)) are summarized
in Tables 2 and 3. Conparisons are severely hanpered by the |ack
of sanples from deepwater areas which, according to Al verson
et al. (1964), are the domcile for the greater part of the
t hornyhead popul ation. Even in the shallower regions, however,
there are no well-defined trends in the relative abundance of
t hor nyheads.

Longl i ne Surveys

Longl i ne surveys have been-conducted jointly by the United
States and Japan in the GQulf of A aska each year since 1979 to
ascertain the abundance level and |ength conposition of inportant
groundfish species in the depths from101 to 1,000 m  For each
speci es, Sasaki and Teshima (1988) used the catch rate, the area,
and the size conposition of sanples fromeach depth stratumto
determne the relative popul ation nunber (RPN) and wei ght (RPW
for the depth stratum The RPNs and RPW for the various depth
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Table 1.--Catch Igt)' of thornyheads in the culf of Al aska by International
North Pacific Fisheries Conmssion statistical area and fishery

category, 1980-88.

Area
South-

Year Nation Shumagin Chirikof Kodiak Yakutat eastern Total
1980 Japan 129 197 391 355 144 . 1,216
ROK 99 - - 33 | - 132
U.S.S.R. 1 0 -2 - = 3

Total ’ - 229 197 393 388 144 1,351

1981 Japan 203. 138 235 365 179 1,120
ROK 154 27 27 12 _— —220

Total 357 165 262 377 179 1,340

1982 Japan 134 135 326 64 - 659
ROK 32 12 19 _65 —_ 128

Total 166 147 345 129 - 787

1983 Japan 148 191 287 53 - 679
ROK 10 3 20 4 - 37

JV 12 0 1 = - 13

Total 170 194 308 57 - 729

1984 Japan 47 53 59 - - 159
ROK 3 2 - - - 5

Poland - 0 1 - - 1

JvV 18 0 1 - - 19

U.Ss. 9 0 1 2 12 24

Total 77 55 62 2 12 208

1985 Japan 4 0 0 - - 4
Jv - 2 3 4 - - S

U.S. 6 S 17 29 12 69

Total 12 8 21 29 12 82

1986 JV 1 - - - - 1l
U.S. 322 8 274 85 24 713

Total 323 8 274 85 24 714

1987 IV 20 - - - - 20
U.Ss. 526 91 880 344 102 1943

Total 546 91 880 344 102 1963

1988* U.S. 427 374 551 556 100 2008

Sources:  Foreign andFJm nt venture catches: personal conmunication Wth
Jerald Berger, U S. Foreign Fisheries Cbserver Program Northwest and

Al aska Fisheries Center, tional Mrine Fisheries Service, NOAA BIN
C15700, Bui | di n% 4, 7600 Sand Point Way NE, Seattle, WA 98115.

U S. catches: Pacific Flsherg Information Network (PacFIN), Pacific
Marine Fisheries Commission, 305 State Ofice Building, 1400 SW

Fifth Avenue, Portland, OR 97201.

* Catches reported through August 1988.
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Tabl e 2.--Thornyhead catch per unit effort (kg/knf) by area and depth in
resource assessnent surv%§? by bottom trawl” in the International
North Pacific Fisheries Conmssion's Shumagin, Chirikof, and Kodiak
statistical areas of the Qulf of Alaska, 1979, 1981, and 1984.*

Area

Shumégin __Chirikof - Kediak

Depth (m) 1979 1981 1984 1979 1981 1984 4 1979 1981 1984
101~200 37 - 28 26 - 47 55 165 79
(No. sta.) (20) (0) (76) (22) (0) (83) (25) (5) (136)
201-300 2,613 ~ 2,896 864 - 574 1,416 5,852 927
(No. sta.) (23) (0) (23) (32) (0) (35) (43) (7) (49)
301-500 - ~ 2,507 2,657 - 3,289 1,160 4,019 2,523
(No. sta.) (0) (0) (17) (15) (0) (11) (5) (3) (20) -
501~700 - - 2,338 - - 2,252 - - 1,875
(No. sta.) (0) (0) (15) (0) (0) (10) (0) (0) (15)
701-1,000 - - 1,151 - - 3,274 - - 2,275
(No. sta.) o) (0) (5) (0) {0) (6) (0) (0) (8)

*To make the 1979 and 1981 survey results conparable to those of 1984, the
1979 and 1981 results have been converted from kg/h to kg/knf by assumng a
tomAn%_speed of 3 knots during sanpling, a traw opening width of 18.3 m and
a fishing power coefficient of 1.00 in 1979 and 1981 as conpared to 3.66 in
1984. The latter figure (3.66) was derived by neans of conparative tests
between U.S. and Japanese traw s as part of the 1984 U. S.-Japan cooperative
bottom trawl survey of- the central and western Qulf of Al aska (Brown 1986).
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Table 3.--Thornyhead catch per unit effort (kg/knf) by area and depth in
resource assessment surveys by bottom traw in the International

North Pacific Fisheries Conmssion's Yakutat and Southeastern
statistical areas of the Gulf of Al aska, 1979, 1981, and 1984.*

Area
Yakutat ‘ Southeastern

Depth (m) 1979 1981 1984 1979 1981 1984
101-200 - 66 16 267 92 S8
(No. sta) (0) (37) (55) (1) (329) (37)
201-300 190 1,091 700 1,940 2,053 1,277
(No. sta) (7) (41) (32) (5) (36) (39)
301-500 - 4,688 3,002 - 4,051 1,826 2,424
(No. sta) (0) (15) (12) (9) - (6) (11)
501-700 - - 2,504 : - - 14,579
(No. sta) (0) (0) (3) (0) (0) (1)
701-1000 - - 1,409 - - -
(No. sta) (0) (o) (1) (0) (0) (0)

* To make the 1979 and 1981 survey results conparable with those n(%f 1984,
the 1979 and 1981 results have béen converted from kg/h to kg/knf by
assuning a tow ng speed of 3.0 knots during sanpling, a traw opening
width of 18.3 m and a fishing power coefficient of 1.00 in 1979 and
1981 as conpared with 3.66 in 1984. See Brown (1986) regarding the
derivation of the figure 3.66.
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strata (201-1,000 m for thornyheads) were sunmmed to obtain the
followng gulfwide totals:

- Year RPN REW
1979 9875 5696
1980 11823 6726
1981 12723 6793
1982 6840 4254
1983 | 6893 4148
1984 5291 3115
1985 7532 4362
1986 5411 3401
1987 5071 3294

In general, the stock had declined by 1984 to |ess than one-half
of what it had been in the plateau years of 1980-81. The index
has stayed | ow since 1984 except for a brief increase in 1985.
The average RPWof the last 3 years is only 57% of the average of
the first 3 years of the index.

Absol ut e Abundance

1984 Bi omass Survey

The 1984 U. S.-Japan cooperative bottomtraw survey of the
central and western @Qulf of Al aska and the conplenentary Nationa
Marine Fisheries Service bottomtraw survey in the eastern Qulf
of Alaska yielded the first informati on about the standing stock
of thornyheads in the region. Mst tows were in waters where
bottom depths were Iess than 700 m al though there were sone tows
at depths over 700 m  Standing stock within the areas surveyed
was estimated at 123,005 t--75,350 t in the central and western
portion of the gulf and 47,655 t in the eastern gulf (Table 4).
The 95% confidence interval on this -biomass is 105,277 to
140,728 t. This is an increased anount fromthe |evel reported
i n Shippen (1987), and represents finalized results fromthe
Yakut at and Sout heastern regions provided by D. d ausen, (Al aska
Fi sheries Science Center, Natl. Mar. Fish. Serv., NOAA, P.0. Box
210155, Auke Bay, AK 99821).

1987 Bi onass Survey

The 1987 prelimnary bionmass estimate is presented in

Table 5. In both the 1984 and 1987 bi onass estimates, the catch
rate is nmultiplied by the area swept to generate catch per unit
area of the bottom That figure is then extrapolated to the area
of the bottomwithin the region. Relative catch rates at simlar
stations are conpared between the different vessels and gears
involved in the survey. The gear with the highest relative catch
rate becomes the reference standard and coefficients are derived
that adjust the relative catches of the other gears to match the
reference. Unfortunately the 1984 reference gear was not present
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Table 4 .--Estimated standing stock (t) of thornyheads in the Gulf of Al aska
in 1984, by International North Pacific Fisheries Comm ssion
statistical area and depth stratum SBased on bottomtraw surveys

by U S. and Japanese research vessels.

Area
Depth South-~
(m) Shumagin Cchirikof Kodiak Yakutat eastern
Number of stations (top) and standing stock (bottom)
1-100 106 43 70 11 -
0 - 0 0 11 0
101-200 76 83 136 55 37
. 362 1,047 3,191 455 595
201-300 23 44 40 32 39
7,399 6,169 9,622 3,417 6,609
301-500 17 11 20 12 11
5,916 5,016 6,975 8,877 7,067
501-700 15 10 15 3 1
4,387 3,989 2,711 3,376 14,101
701-900 5 6 6 1 0
2,013 9,231 . _7.322 3,147 -
Total 242 197 287 114 88
: 20,077 25,452 29,821 19,283 28,372
Grand
Total 123,005 t

95% confidence interval = 105,277-140,728 t
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Table 5.--Estimated standing stock (t) of thornyheads in the Qulf of Al aska
in 1987, by International North Pacific Fisheries Conmm ssion

statistical area and depth stratum  (Based on prelimnary results
frombottomtrawl surveys by U S. and Japanese research vessels.
Biomass is scaled-to the nost efficient-trawl.) Results are- not
directly conparable with 1984 (see text for explanation).

Area
Depth South-
(m) Shumagin cChirikef  Kodiak Yakutat eastern
Number of stations (top) and standing stock (bottom)
1-100 106 55 58 14 1
0 0 0 (o} 0
101-200 55 118 . 149 63 20
301 109 680 338 78
201-300 7 17 22 21 15
7,463 8,100 7,039 2,905 2,666
301-500 5 5 8 11 10
15,309 7,936 6,311 4,313 4,371
501-700 3 4 6 3 2
5,962 8,210 2,034 3,029 1,904
701-1000 2 4 1 0 0
1,349 6,716 1,550 - —
Total 178 203 244 112 48
30,384 31,071 17,614 10,582 9,019
Grand
Total 98,670 t

95% confidence interval = 72,232-125,110 t
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in 1987 so the bionmass estinmates of the 2 years are not directly
conpar abl e. Despite the problem of conparability, the 1987

bi omass estimate is the best estimate available of current

bi omass. The total estinmated bi omass of thornyheads in the Qulf
of Alaska in 1987 is 98,671 t with a 95% confi dence interval of

72,232 to 125,110 t.

Current Expl oi tabl e Bi omass

The best estimate of current exploitable bionmass is derived
fromthe 1987 traw survey with a point estimate of 98,671 t for
the entire gulf and a 95% confidence interval of 72,232 to

125,110 t.

RECRU TMENT STRENGTHS

There are no data on this topic. Mller (1985) suggests that
there is substantial variation in year class success in her aged
sanple fromthe southeastern region taken in 1982.

Bl OLOG CAL PARAMETERS

Natural Mortality, Age of Recruitnent and Maxi mum Age

MIler (1985) estimated thornyhead natural nortality by the
Ri cker (1975) procedure to be 0.07. MIller (1985) also deter-
mned the age at recruitnent to be 16 years old and the ol dest

t hornyhead found was 62 years ol d.
Length and Wi ght at Age
Sanpl es col lected in 1982 in the southeastern region of the
gul f have provided the only age information avail able on
t hornyheads. Parameters estimated fromthis collection are given
bel ow
Von Bertal anffy G owth Equation:

length (cm standard length) = L, (l-exp(-k(Age-tg)))

Io = 48.3
kK = .025
tg = -6.94

Length to weight conversion:

weight (kg)
a
b

a(length(cm))b
1.6x107°
3.29
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MAXI MUM SUSTAI NABLE YI EID

Fromthe tine the first fishery managenent plan for
groundfish in the @ulf of Al aska went into effect in 1979,
maxi mum sustai nable yield (MSY) for thornyheads has arbitraril
been set at 3,750 t. That MSY figure is 3.8% of the 1987 tota
estimated biomass in the Gulf of Al aska.

Yield per Recruit Analysis

Based on data fromMIller (1985), a yield per recruit
anal ysis was undertaken. This techni que uses the Beverton-Halt
yield equation to calculate the yield available froma given
cohort over its fishable lifespan as a function of nortality,
growm h, and size at recruitment to the fishery (R cker 1975).
Since nothing is known about the stock-recruitnment relationship
of thornyheads, a conservative approach was taken and an Fg;
val ue was cal cul ated (@l land and Boerema 1973). Rather than
maxi mzing the yield per recruit, the Fo, figure represents a
fishing nortality for which the corresponding marginal yield is
10% of the marginal yield at the origin. The analysis I's shown
in Figure 1. The calculated F,, value equals 0.0/5 (whereas the
Frax value equals 0.29). This fishing nortality rate reduces the
equi | ibrium biomass to 35% of the unexploited biomass. The
analysis is relatively insensitive to changes in the age at
recruitnent. Reducing the age at recruitnment from 16 to 10 does
not change the F5; | evel.

Yield per Recruit with Constraints
on the Bionass Level

Using a conbination of yield per recruit analysis and an
assunption fromthe parabolic surplus yield nodel (Schaefer
%9??), an Frgy level can be determned. The assunptions are as

ol | ows:

1. Recruitment is constant.

2. The bionmass of the recruited portion of the popul ation at MY
equal s one-half of the virgin biomass of the fish of
recruitnent age.

3. F and M are both independent of year and age.

Then the follow ng equations can be solved for Fug,

t ‘

Bnsy = R [t exp[=(FpgytM) (t-ty)] We dt (1)
r
[ exot |

By = R exp[-M(t-ty)] Wg dt (2)

Jtr
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Bpsy/Bo = -5 (3)
where: R = nunber of recruits.to t he popul ation

w, = wei ght - at - age

t, = age-at-recruitment

t, = oldest age in the fishery

= instantaneous rate of natural nortality

‘I'I
1

i nstantaneous rate of fishing nortality

unexpl oi ted bi omass

g

Using data fromMIller (1985) of M= 0.07, t, = 16 and W, the
cal cul ated F.; value equals 0.05. The effect of changing the
age-at-recruitment is shown in Figure 2. Lowering the age at
recruitnent lowers the F, |level. An age-at-recruitnent of 10
results in a decrease in &my to 0.035.

A current annual potential yield can be determ ned by
mul tiplying the MY fishing nortality by the mean exploitable
bi omass. |f the 1987 biomass estimate I's assuned to be the nean
expl oi tabl e bionmass for the year then the range of F, from
g.ggg to 0.05 results in potential yields ranging from 3,453 to
: t ons.

Maxi mum Sust ai nabl e Yield Assum ng Various
St ock- Recrui t nent Rel ati onshi ps

Even if the stock-recruitment relationship for thornyheads is
unknown, a range of possible MSYs can be cal culated given a range
of possible stock-recruitnent relationships. Two possible
rel ati onshi ps were chosen: a Beverton-Holt stock-recruitnent
relationship in which the relative recruitnent is 90% of virgin,
recrui tment when the parent biomass has been reduced to 50% of
virgin levels, and a Beverton-Halt relationship in which the
recruitment is reduced to 80% of virgin recruitnment when the
parent bi omass has been reduced to 50% of the virgin |evel
(Fig. 3) (Kinura 1988). Those two relationships represent
relatively robust and nonrobust stock-recruitment scenarios.
Wiere the actual relationship for thornyheads |lies is unknown.
Conbi ning the Beverton-Halt yield equation wth the stock-
recruitment relationship results in portraits of equilibrium
bi omass and yield levels (Fig. 4. The analysis was run again
with an age-at-recruitnment of 10 years instead of 16 years to
investigate the sensitivity of the nodel to a different age-at-
recruitment (Fig. 5).
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The results show that yields are quite sensitive to the
stock-recruitnent relationship and | ess sensitive to the age-at-
recruitnent. Under the Beverton-Holt, 50-90 relationship, the
maxi mum sust ai nable yield occurs at an F of 0.065 and 0.05 for an
age-at-recruitnment of 16 and 10 years, respectively. F values of
0.30 and 0.21 drive the population to zero. Wth the 50-80
stock-recruitment relationship, maxi mum sustainable yields are
obtained at an F of 0.04 and 0.03 for the two recruitnment ages.
The population is driven to extinction at F values of 0.12 and

The range of current annual potential yields is quite
simlar to that derived fromthe constrai ned bionass nodel above.
In this case the range is from2,960 to 6,414 tons.

ACCEPTABLE BI OLOG CAL CATCH

In the past, acceptable biological catch (ABC) has been set
equal to the MSY level of 3,750 t. G ven that the value is
within the bounds of nodel predictions above, there is no
overwhel m ng reason to change that value for ABC. However, there
are sone points of concern in the present situation. Both the
1984 and 1987 trawl surveys took place during periods when the
abundance of thornyheads was | ow according to the |ongline
surveys. \Wile the relationship between the |ongline abundance
indices and the trawl biomasses is uncertain, the decline in
t hose longline indices during a period of tine when the reported
catches have only been a fraction of the ABC, indicates that the
current ABC may not be sustainable. To conplicate matters even
further, the catch data are clouded by the unreported discarded
bycatch in the U 'S longline fishery.
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PELAG C SHELF ROCKFI SH

by
David M O ausen' and Jonat han Heifetz’

| NTRODUCTI ON

The pelagic shelf rockfish assenblage in the Qulf of.
i ncludes five species of Sehastes rockfish (Table 1). Thi
assenbl age is one of the three new nanagenent groups for Sebastes
in the gulf which were inplenented in 1988 by the North Pacific
Fi shery Management Council. The other two nanagenent groups are
sl ope rockfish and demersal shelf rockfish. Pelagic shelf
rockfish can be defined as those species of Sebastes that inhabit
waters of the continental shelf of the GQulf of Al aska, and that
typically exhibit a mdwater, schooling behavior. In contrast,
denersal shelf rockfish, although inhabiting simlar areas of the
continental shelf, are found near bottom

Al aska
S

Qul fwi de, dusky rockfish are the nost inportant species in
the assenblage. The centers of abundance of the other four
sgecies lie to the south of the @ulf of Al aska, off Canada and
the U 'S west coast. Bl ack and yel | owt ai | rockfi sh have been
repO{teg9§5 | ocal |y abundant in Southeastern Al aska (Rosentha
et al. .

The taxonony of dusky rockfish is unclear. Al though only
one species has been officially described, two norphologically
di stinct types have been observed in the @Gulf of Al aska: an
inshore, shallow water, dark-colored variety; and a lighter-
colored variety found in deeper water offshore (Field 1984).
This has |led some investigators to su?%est that these two _
varieties may be separate species, alfthough no conclusive studies
have been nade. In the remai nder of this report, nost of the
di scussion on dusky rockfish will concern the offshore, |ight-
colored variety, since nost information is available from
of fshore trawl surveys

CATCH HI STORY

Cat ches of pelagic shelf rockfish in the Gulf of Al aska are
only available for 1988, the first year when catch statistics

" Auke Bay Laboratory, Northwest and Al aska Fisheries Center,
Nati onal Marine Fisheries Service, NOAA, P. 0. Box 210155,
Auke Bay, AK 99821.
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Table 1. --Species conprising the pelagic shelf rockfish
assenblage 1n the @ulf of Al aska.

Former management

Common name Scientific name grouping (1979-87)
Dusky rockfish Sebastes ciliatus Other rockfish
Black rockfish S. melanops Other rockfish
Widow rockfish S. entomelas Other rockfish
Blue rockfish S. mystinus Other rockfish

S. flavidus Other rockfish

Yellowtail rockfish
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were collected for this assenblage. These data are listed in
Tabl e 2 bel ow.

Table 2. --Pelagic shelf rockfish catches (metric tons) in the
Qul f of Al aska, updated 3 February 1989.

Gulfwide
Reculatory area ] management value
Year Western Central Eastern Total ABC? . Quota
1988 240 465 184 888 3,300 3,300

Source: Pacific Fishery Information Network (PacFIN), Pacific
Mari ne Fisheries Commi ssion, 305 State O fice Building, 1400 S.W
5th Avenue, Portland, OR 97201.

Acceptable bi ol ogi cal catch.
"Quota = total allowable catch (TAC).

There were no reported foreign or joint venture catches of
pel agi ¢ shelf rockfish in 1988, so the catches listed in Table 2
are ent|rely domestic (i.e., domesti ¢ annual producti on (DAP)).
Approxi mately 84% of the 1988 catch was taken in trawls, with the
remai nder caught on longlines or other hook and line gear. T h e
Jénégotx§ch (888 t) was nuch less than the assigned quota
, t).

Cat ches of pelagic shelf rockfish for years previous to 1988
cannot be determned. Any of these rockfish caught in traws
woul d have been reported in the "other rockfish" group (an ol der
managenent classification used before 1988) along wth species
now placed in either the slope or shelf demersal groups.

Smal | nunbers of pelagic shelf rockfish have been reported
in the Southeastern Al aska rockfish longline fishery. Bracken
and O Connell (1987) found that in past years these species
conprised |less than 4% wei ght of the landings in this fishery.

CONDI TI ON OF STOCKS

There is little information on condition of stocks for
pel agi ¢ shel f rockfish. Traditional resource assessnent surveys
using bottomtrawl s have |ikely underestinmated the abundance of
these mdwater fish. Furthernmore, no conprehensive off-bottom
surveys of rockfish in the Qulf of Al aska have been conduct ed.
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Rel ati ve Abundance

The only data on rel ative abundance of pelagic shelf
rockfish in the Gulf of Al aska cone froma survey conducted in
nearshore waters of Southeastern Alaska in 1980-81. In this
survey, mdwater jigging in localized areas was used to eval uate
potential rockfish resources (Rosenthal et al. 1982). The survey
i ndi cated that three species of Felagic shel f rockfish conposed
over half the catch: lack, yellowtail, and dusky rockfish, in
descendi ng order of abundance. 'In conparison,-longlines set
nearby on the bottom caught very few of these fish. The survey
indi cated that pelagic shelf rockfish nmay be a |atent, under-
utilized resource in Southeastern Al aska:

Absol ut e Abundance

Conprehensive triennial traw surveys were conducted in the
Qlf of Alaska in 1984 and 1987. These surveys provi de estimates
of biomass for pelagic shelf rockfish. However, fish living in
m dwat er were not sanpled in these surveys because the surveys
used bottom traw s exclusively.

The 1987 trawl survey indicated that dusky rockfish were the
most abundant fish in the assenblage (Table 3). Dusky rockfish
conprised nore than 99% of the gulfw de assenbl age bi onass, with
three other species (black, w dow, and blue rockfish) caught in
very small anounts. The total conbined bionass estimte was
164,352 t, with 95% confidence intervals of 39,449-289, 255 t.

Dusk% rockfish biomass were primarily in the Kodiak area,
foll owed by Shumagin, Yakutat, Chirikof, and Southeastern (Table
4) . The gul fwi de biomass estimte was 163,188 t, and the 95%
confidence interval was 35,738-290,638 t. H ghest values of both
catch per unit effort (CPUE) and biomass were in the 101-200 m
depth stratum Largest individual catches were at stations

| ocated on offshore banks, often nore than 40 nm from | and
(Stark et al. 1988).

The 1987 survey results showed dusky rockfish was the third
nost abundant rockfish species in the Gulf of Alaska. Only
Pacific ocean perch (S. alutus) and northern rockfish (S
pol yspinis) had higher estimates of biomass, with 352,736 t and
172,619 t, respectively.

Abundance of dusky rockfish appears to have increased in the
Qul f of Al aska when conpared with the 1984 triennial traw
survey. The 1984 survey estinmated a gul fw de biomass for dusky
rockfish of 37,313 t, far less than the 1987 biomass. The
increase is not statistically significant due to the w de
confidence intervals around these estinates.

Localized traw surveys in the gulf prior to 1984 show even
| ower catch rates for dusky rockfish.' In 1979, CPUE for dusky



Table 3. --Biomass estinmates for
assenbl age,
survey of
to the nost

speci es
based on results of
the Qulf of Al aska.

efficient traw

in the pelagic shelf

the 1987 triennial
Bi omass estinmates were adjusted
used in the survey.

rockfi sh
traw

. . L ]
Biomass (metric tons) by area

Species Shumagin Chirikof Kodiak Yakutat Southeastern All gulf
Dusky rockfish 28,247 9,237 106,536 18,070 1,097 163,188
Black rockkish 196 137 684 0 0 1,018
Widow rockfish 0 0 0] 47 96 143
Blue rockfish 1 0] 2 (0] 0 3

Total 28,444 9,374 107,222 18,1;7 1,193 164,352

*| nt ernati ona

North Pacific Fisheries Conmm ssion statistical

ar eas.

SLT
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Table 4.--Estimated biomass, mean catch par unit effort (CPUE), and mean size of dusky
rockfish, Sebastes ciliatus based on results of the 1987 triennial trawl survey
of the Gulf of Alaska. Biomass and CPUE were adjusted to the most efficient

trawl used in the survey.

No. of Hauls Mean Mean
trawl with CPUE2 Biomass length weight
Area®  Depth (m) hauls  dusky (kg/km®)  (t)  (cm) (kg):
Shumagin
0-100 106 23 122.1 5,416 41.6 0.92
101-200 55 18 1,566.9 22,776 42.8 1.40
201-300 7 2 20.5 56 - 1.35
301-500 5 0 0.0 0 - -
501-700 3 0 0.0 0 - -
701-1000 2 0 0.0 0 - -
All depths 178 43 415.1 28,247 42.7 1.27
Chirikof ‘
0-100 - 55 9 37.4 995 - 1.06
101-200 118 49 330.8. 7,839 41.7 1.34
201-300- 17 6 35.0 403 - 1.21
301-500 5 0 0.0 0 - -
501-700 4 0 0.0 0 - -
701-1000 4 0 0.0 0 - -
All depths 203 &4 135.1 9,237 41.7 1.29
Kodiak
0-100 58 13 72.8 2,881 33.8 0.70
101-200 149 68 2,398.0 103,554 39.0 1.05
201-300 22 5 8.8 102 - 1.13
301-500 8 0 0.0 0 - -
501-700 [ 0 0.0 0 - -
701-1000 1 0 0.0 0 - -
All depths 2464 86 1,062.0 106,536 38.8 1.03
Yakutat
0-100 14 0 0.0 -0 - -
101-200 63 20 508.0 14,553 42.2 1.21
201-300 21 8 721.6 3,517 42.3 1.20
301-500 11 0 0.0 0 - -
501-700 3 0 © 0.0 0 - -
701-1000 0 - - - -
All depths 112 28 334.3 18,070 42.2 1.21
Southeastern
0-100 1 0 0.0 0 - -
101-200 20 2 48.3 477 - 1.42
201-300 15 2 123.2 620 - 1.34
301-500 10 0 0.0 0 - -
501-700 2 0 0.0 0 - -
701-1000 0 - - - -
All depths 48 4 48.6 1,097 - 1.37
All Gulf - ALl Areas Combined
0-100 234 45 71.2 9,292 36.7 .85
101-200 405 157 1,243.5 149,198 39.9 1.12
201-300 82 23 131.6 4,698 42.3 1.22
301-500 39 0 0.0 0 - -
501-700 18 0 0.0 0 - -
701-1000 7 0 0.0 0 - -
All depths 785 225 517.6 163,188 39.8 1.10
"International North Pacific Fisheries Commission statistical areas.
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rockfish averaged less than 5 kg/h in the central and western
Qulf (Ronholt 1980). Simlarly, during the years 1963-71, nedian
catch rates for dusky rockfish in the Gulf were 4.5 kg/h
(Westrheim 1973). For conparison, the 1987 gul fw de CPUE of
dusky rockfish, 517.6 kg/knf (Table 3), can be converted to an
equi val ent CPUE of 76 kg/h. This indicates abundance of dusky
rockfish is now nuch greater than in these earlier surveys.

The abundance of dusky rockfish in the 1987 trawl survey
suggests that the validity of the pelagic shelf assenbl age shoul d
be exam ned. The assenblage certainly seens appropriate for
bl ack, yellowail, and inshore dusky rockfish in the Southeastern
ar ea, ere Rosenthal et al. (1982) found these fish residing off
bott om However, the large catches of dusky rockfish in the 1987
survey were all from denersal, offshore catches, which may
i ndi cate that offshore dusky rockfish behave differently than
those inshore. Perhaps the offshore fish mght be better
classified as a denersal species. Cearly, nore research is
needed on these offshore duskK rockfish to determine if they are
taxonomcally separate fromthe inshore variety and if their
dis%ribution and behavior tends to be nore demersal than those
i nshore.

Current Expl oi tabl e Bi omass

Current exploitable bionmass for pelagic shelf rockfish in
the Gulf of Alaska is estimated at 164,352 t fromresults of the
1987 traw survey.

RECRU TMENT STRENGTHS

Length frequency distributions of dusky rockfish fromthe
1987 trawl survey show no apparent year classes of young fish
(Fig. 1). Size of dusky rockfish were simlar in all areas of
the gult, except Kodiak, where fish averaged slightly smaller.
Very few fish less than 35 cmlength were taken during the
survey, indicating that either younger dusky rockfish may not be
available to the survey's trawl gear, or they may be absent
during the time of the survey (June-August) in the area sanpled.

Bl OLOG CAL PARAMETERS

Natural Mortality, Age of Recruitment, and Maxi num Age

The only information on nortality rates and maxi mum age of
pel agi c shelft rockfish in the GQulf of Al aska cones fromthe
studies of Rosenthal et al. (1982) and Field (1984). These
studi es were on black, yellowtail, and dusky rockfish in near-
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Figure 1. --Length frequency distributions of the estimated
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shore areas of Southeastern Al aska and the results are sunmarized
in Tabl e 5. Unfortunately, the studies were based on

surface age determ nations of otoliths, a technique that is now
believed to be inaccurate for rockfish species. For conparison
estimates of natural nortality rates-and maxi num ages of
yellowail and wi dow rockfish in-British Colunbia (Archibald

et al. 1981) are also included in Table 5. In the Field study'
(1984), the currently accepted break-and-burn techni que was- used
for age determnation

There is no information on age of recruitnent for any of the
pel agi ¢ shelf species.

Length and Wi ght at Age

No information on Ien?th and weight at age is currently
avail able for pelagic shelf rockfish in the Gulf of Al aska.

MAXI MUM SUSTAI NABLE YI ELD

Information is not yet available to provide an estinmate of
n?xkrunksustainable yield of pelagic shelt rockfish in the Qulf
0 aska.

ACCEPTABLE BI OLOG CAL CATCH

Accept abl e bi ol ogical catch (ABC) of pelagic shelf rockfish
can be estimated in a simlar manner to that used to estimate
ABCs for slope rockfish (see Slope Rockfish report in this
docunent) . | f one assunes that pelagic shelf rockfish are
conparable to slope rockfish in growh, nortality, and stock
condition, then the exploitation rate used for slope rockfish
woul d be applicable to pelagic shelf rockfish. Mltiplying Fg =
0.02 (the value resulting fromthe nost conservative recrultnent
paraneter) by the estimate of current bionmass gives a recommended
ABC of 3,300 t (164,352 x 0.02) for pelagic shelf rockfish in the
@Qul f of Alaska. The conservative recruitment paraneter was used
because there is no information describing the stock-recruitnent
relationship for these species. |In addition, the estimte of
expl oi t abl e bi omass has very broad confidence limts, suggesting
a relatively high risk of overexploitation if a higher
exploitation rate is used.

Apportioning this ABC to each nanagenent area in the sane
proportion as that estimated fromthe 1987 triennial trawl survey
results in an ABC of 550 t in the Western area, 2,350t in the
Central area, and 400t in the Eastern area.
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Table 5. --Instantaneous rate of natural nortality and naxi num age
for pelagic shelf rockfish. Area indicates |ocation of
study: Southeastern A aska (SE) and British Col unbia
(BCO). Ages in Southeastern Al aska were determ ned
using surface readings of otoliths; ages in British
Col unbi a was determ ned using the break-and-burn

t echni que.
_ Mrtality Maxi mum
Speci es rate age Ar ea
Dusky rockfish 0.17 33 SE
Black rockfish 0.28 33 SE
Yellowtail rockfish 0.35 25 SE
Yellowtail rockfish 0.06-0.14 52 BC
Widow rockfish 0.05 59 BC
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DEMERSAL SHELF ROCKFI SH

by
Barry E. Bracken'

| NTRODUCTI ON

Rockfi shes of the genus Sebastes are found in nearshore
waters and along the continental slope of the northeast Pacific
Ccean.  Fishes in the demersal shelf rockfish assenbl age include
10 species of nearshore rockfishes in Al askan waters (Table 1).

Table 1. --Rockfish which are included in the demersal shelf
rockfish assenblage in the GQulf of Al aska.

Conmon narme Scientific Name
Bocaccio Sebastes paucispinis
Canary rockfish . pinniger

China rockfish . nebulosus

Copper rockfish caurinus
Quillback rockfish . maliger
Rosethorn rockfish . helvomaculatus

. brevispinis
.. nigrocinctus

Silvergray rockfish
Tiger rockfish

v nininnninin

Yelloweye rockfish ruberrimus
Redstripe rockfish proriger

Prior to 1987 denersal shelf rockfish were grouped with the
"ot her rockfish" conplex for fisheries nanagenent. However, in
1987 the nearshore or shelf rockfish conponent was identified as
a separate nmanagenent group fromthe "other rockfish" category.
In the Southeast Qutside District (east of 137°Wlong.), shelf
rockfish has been divided into two managenment groups, denersa
and pel agic, based on behavior and habitat. Pelagic shelf
rockrish are a mnor conponent of the nearshore longline fishery
and are not currently a target species.

This report summarizes the available information on the
bi ol ogy of denersal shelf rockfish and on the shore-based
rockfish fishery in the southeastern @il f of Al aska, including
the internal waters of Southé&astern Al aska.

gégggka Departnent of Fish and Gane, P.QO Box 667, Petersburg, AK
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CATCH HI STORY

Denersal shelf rockfish have been | anded incidentally in
catches of other groundfish fisheries in Southeastern Al aska
since the turn of the century. Sonme bycatch was al so | anded bY
foreign trawlers targeting on slope rockfish in the eastern gulf
during the 1960s and through the m d-1970s. In 1979 a smal |
shore-based rockfish fishery began in Southeastern Al aska. This
fishery targets primarily on the nearshore bottom dwel | ing.
component of the rockfish conplex. This directed fishery
%xpgrded)fron1160 t landed in 1982 to 1,225 t landed in 1987

Table 2).

Table 2. --Reported | andi ngs of denersal shelf rockfish from
donmestic fisheries in Southeastern Al aska, 1982-87.

@Qlf of Al aska (East of 137°)

Directed I nci dent al Tot al
Year | andi ngs | andi ngs | andi ngs
1982 160 79 239
1983 - 291 103 394
1984 736 62 798
1985 665 38 703
1986 900 110 1,010
1987 1,034 174 1,208

Source: Al aska Departnment of Fish and Gane fish ticket database.

The peak catch of denersal shelf rockfish reported fromthe
Sout heastern region was 1,208 t in 1987. However, this nunber
shoul d be considered an estinmate since reporting requirenents
make anal ysis of species conposition fromfish ticket records
sonmewhat unreliable. This is because the database include
| andi ngs of "unspecified red rockfish" and "unspecified rockfish
whi ch may include species from other assenblages as well as
denersal shelf rockfish. Data used in this report include only
| andi ngs reported by vessels using hook and |ine gear (Ionglines,
jigs, troll). Catch is listed by cal endar year to be consi stent
with the International North Pacific Fisheries Conm ssion (INPFC)
report format, however, the State of Al aska manages the demnersa
shel f rockfish fishery based on a season which begins on 1
Cctober and continues into the next calendar year. Al though
there may al so be sone bycatch of denmersal shelf rockfish in the
eastern gulf trawl fishery for slope rockfish, no attenpt was
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made to include these data since species conposition information
fromthe donmestic trawl fishery are not avail able.

The Al aska Department of Fish and Gane (ADF&GS has divi ded
Sout heastern Al aska into five areas for rockfish managenent (Fig.
1%. These areas represent the general geographic separation of
the fleets fromthe various Southeastern ports, although ranges
have begun to overlap as fishing pressure increases. The target
fishery for demersal shelf rockfish has expanded raPidIy both in
terns of |andings and areas of catch. The fishery first
developed in Sitka with the majority of |andings comng fromthe
Central Southeast Qutside area (CSEC?. By 1986 Ketchi kan becane
the major port of landing with 41% of the "directed catch in
Sout heastern Al aska | anded from the Southern Southeast Inside
(SSEl') managenent area. In 1987 the fishery expanded to the
Sout hern Sout heast Qutside area (SSEO wth 31% of the directed
harvest reported fromthis area (Fig. 2).

Over 99% of the 1987 denersal shelf rockfish harvest was
| anded on longline gear. A total of 368 vessels reported
rockfish landings on mscellaneous finfish permts during 1987.

A 600 t harvest Iimt was established for denmersal shelf
rockfish in the CSEO nmanagenent area for the 1985 season by the
North Pacific Fishery Managenment Council and the Al aska Board of
Fisheries at a joint neeting in the fall of 1984. This harvest
l[imt was based upon the anticipated 1984 harvest from both the
state and federal waters in the CSEO area. This limt was
intended to place a cap on rockfish harvests fromthat area until
an appropriate yield level could be established. The 600 t
antici pated harvest |evel was not reached and only 521 t were
actuall'y landed. during 1984.

In 1987 the harvest limt (optimumyield, OY) for denersa
shel f rockfish harvest was set at 1,250 t for the Southeast
Qutside District. This limt was based upon an extrapol ation
whi ch expanded the 600 t established for the CSEO area in 1984 to
the remai nder of the Southeast Qutside District using a habitat
conparison techni que (Bracken 1986).

Based on fisheries performance indicators and avail able
bi ol ogi cal information, the total allowable catch (TAC limt for
denersal shelf rockfish was reduced to 660 t in the Southeast
Qutside District for 1988. The TAC is divided by ADF&G between
the three outside nmanagenent areas for in-season nanagenent.

CONDI TI ON OF STOCKS

Anal ysis of commercial catch and effort data is difficult to
interpret because of the dynamc nature of the fishery. Changes
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Figure |.--The Southeastern Al aska coastline showi ng Al aska

Department of Fish and Ganme groundfish nanagenent
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sout heast outside area, NSEl = nphorth sout heast inside
area, CSEO = central southeast outside area, SSEO =
south southeast outside area, and SSEI = south
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UIRECTED ROCKFISII CATCH
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Figure 2. --Directed rockfish catch (hook and |ine gear)
for southeastern Al aska by nanagenent areas, in
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in market demand, gear technol ogy, and ski pper proficiency, and
rapid turnover in the fleet confounds concise analysis.
Additional ly, since denersal shelf rockfish are reef oriented and
the longline fleet very nobile, using catch per unit effort

(CPUE) data as an indicator of stock condition tends to
underestinmate the true |level of stock decline (Francis 1985;
Bracken and O Connel|l 1987). Nonetheless, fishery performance
indicators point to a decline in denersal shelf rockfish stocks
in the CSEO area and may indicate reductions in the other
managenent areas as wel .

Rel ati ve Abundance

As stated earlier, the percentage of the total Southeast
rockfish harvest taken in the CSEO area has declined dramatically
since the peak harvest in 1984. Mre significant is the fact
that the actual harvest fromthis area has decreased as well,
from5b521 t in 1984 to 247 t in 1987, a decline of 52% It is
inportant to note that the harvest level in this area was
unrestricted during that tinme period and that rockfish markets
remai ned strong throughout the region. During this period of
declining catch levels in the CSEO area, the gitka fleet noved
progressively further from port to maintain productive fishing
(Fig. 3). Simlar shifts in- effort have occurred in the two
sout hern managenment areas as well. Gven the 4-day linmt on
delivery fromthe first day of fishing and the additional costs
associated with lost fishing tine and fuel consunption as the
vessels travel further fromport, this progressive expansion to
nore distant fishing grounds is considered to be a strong
i ndication that the productivity nearer the ports has declined to
the point where fishing is no |onger profitable.

Catch per unit effort is neasured in terns of pounds per
| andi ng. It is difficult to nake definitive statenents
regarding CPUE as the fishery is in a constant state of change.
Bet ween 1983 and 1985 there was a shift from"j-hooks" to "circle
hooks" (Bracken and O Connell 1986). Al though no direct
conpari son experinments have been inplemented for this fishery,
the increase Iin efficiency of circle hooks was estimated to be
two tinmes that of j-hooks in the halibut fisher¥ (1 PHC 1987).
Change in skipper performance is hard to quantity and there is a
high turnover rate in this fishery. Only 14% of the vessels that
| anded denersal shelf rockfish in 1987 had also participated in
the 1982 fishery. Al so changes in fishing grounds obscure actua
declines in stock as CPUE may remain fairly constant areaw de,
while localized depletion has occurred. Declines in average CPUE
have occurred in the three nost productive rockfish nanagenent
areas in Southeastern A aska (Bracken and O Connell 1986). \hile
i nconcl usi ve these declines are cause for concern.



189

SITKA FLEET DISTRIBUTION
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Figure 3. --Distribution of- vessels fishing rockfish from
Sitka by year.
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Absol ut e Abundance

A S-year annual survey began in 1987 to assess the denersal
shel f rockfish stock in CSEO The initial project involved
testing of various sanpling designs and therefore no estimates of
rel ati ve or absol ute abundance are expected fromthis project for
several years.

Current Expl oitabl e Biomass

No bionass estinmates are currently avail able for denersal
shel f rockfish in the GQulf of Alaska. Prelinmnary ageing of key
species indicates that nost fish do not recruit to the fishery in
Sout heastern Al aska until they are at |east 25 to 35 years of age
(see recruitnment section). Early life- history information is
l'acking and it is unclear whether the younger fish are not
present or are not available to the gear being used. Wrk
conducted by Rosenthal et. al. (1982) suggests that there is a
spaci al separation by size and that the younger fish may be in
dept hs shall ower than normally fished.

Denersal shelf rockfish, bein% | ong-1ived and sl ow grow ng,
are "k" selective (Adans 1980; Archibald et al. 1981; QGunderson
1980). These types of fishes are very susceptible to over-
exploitation and are slow to recover once driven below the |evel
of sustainable yield (Francis 1985; Leaman and Beami sh 1984).
There{ore appropriate rates of exploitation are assuned to be
very | ow.

RECRU TMENT STRENGTHS

Length frequency and age distributions for yelloweye
rockfish from comercial catch and research survey data are shown
in Figures 4 and 5, respectively. Length frequency data show a
strong node at the 55 to 60 cmrange. Age distribution shows
several peaks with initial recruitnment to the fishery occurring
at between 30 and 35 years in the 1984 commercial catch data and
at 25 years in the 1987 CSEO survey data. Further recruitnent
details appear in the follow ng section.

Bl OLOG CAL PARAMETERS

Bi ol ogical information is collected fromthe comercia
catch through a port sampling program  Species conposition and
l ength, sex, and stage of maturity information is recorded and
otoliths taken when possible. Shelf rockfish appear to stratify
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by depth, both in terms of species conposition and size and age
structure within species. The snmaller fish are generaIIY f ound
a

in shall ower water (Rosenthal et al. 1982). Comercial landings
are usually conposed of fish from several depth zones;
consequently, no attenpt has been nade to analyze |ength
frequency by depth fromthe comercial |andings.

Yel | oneye rockfish is the primary target species for this
fishery, accounting for at |east 67% of the catch by weight
(unspecified red rockfish accounts for another 4.5%. Quillback
rockfish is also inmportant in ternms of numbers of fish |anded
accounting for 21% of the pounds | anded.

Detail ed biol ogical paraneters are presented only for
yellomeKe rockfish in this report although other demersal Shelf
rockfish are known to have simlar life history characteristics.

Len?th frequency distributions for yelloweye fromtwo
heavily fished areas in Southeastern_Al aska show a decline in
average length over time (Fig. 4). The yearly distributions for
Cape Edgecunmbe (CSEO) are not directly conparable with the
distribution from Cordova Bay (SSEl) at any given point in tinmne
as the SSEI fishery did not develop until 1984, 2 years |ater
than the fishery in the CSEO area. Part of thi's, change in
average length nay be due to increased market acceptance of small
fish as the fisheries devel oped. Interview information reveals
that some small fish were discarded at sea in the early years of
t he fisherg, particularly in the SSEI area, although no figures
are available on the extent of this practice. Incfeased fishing
pressure is likely to be the cause of at |east sone of the
observed decline in the average |ength. For exanple, data
collected fromthe CSEO area in 1981 yields nean |engths for
yel | oneye rockfish of 55.9 cmfor the commercial catch

(n = 2,183) and 59.2 for the survey sanples gjigging machi nes,

n = 80) (Rosenthal et al. 1982) conpared to 51.8 cmfor the
commercial catch in the sanme area in 1987 (Fig. 4).

Sagittal otoliths are collected for ageing. The break-and-
burn technique is used for distinguishing annuli (Chilton and

Beami sh 1983). Age distribution tromthe comercial catch during
1983 and 1984 represents ages of 13 to 114 years with the first
strong node at about 35 years (Fig. 5 Wen age data from the

CSEO area are plotted separately, the average age and first
strong node decrease conpared to the age data fromall areas
conbined. This variation may be due to both differences in

| anded catch between areas (at sea discard of small fish in the
sout hern areas) and differences in fishing pressure between areas
prior to 1984, Age distribution fromthe otoliths collected

during the 1987 CSEO research crui se shows a distinctlz di fferent
age distribution with the first strong node occurring between 20
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and 25 years followed by a | esser node at 35 to 40 years. These
dat a sug?esp that the ol der year classes are being renoved from
the popul ation.

Von Bertalanffy growth paranmeters calculated from the 1984
comercial catch data are shown in Tables 3 and 4. For further
information on age and growth refer to O Connell and Funk (1987).

Table 3. --Gowh paraneters for S. ruberrinus in
Sout heastern Al aska.

Sex Linf ..k to n
Male 64.628 .04798 =-2.9985 257
Female 62.145 . 05892 -3.3101 310
Linf = asympototic length.

k = growth coefficient.

to = length at time zero.

n = sample size.

Tabl e 4.--Length-weight relationships (cmkg) for
yel l oweye rockfish in Southeastern Al aska
cal cul ated fromthe equation W= aL".

Sex a b n

male .000023827 2.932887377 © 169
female .000015348 3.056191748 108
gravid female .000004348 3.396210000 63

a, b = paraneters of the nonlinear fit of Iength-weight data.
n = sanple size.

Mortality estimates were calcul ated using catch curve analysis on
the 1984 commercial catch data (Ricker 1975). The southern area
data were used as this stock was considered to be |less heavily
exploited in 1984. Mrtality estimates were also calculated
using Hoenig's fornmula: In Z = 1.44-.984 In (t W Wiere t, IS
t he ngfinun1age (Pauly and Murphy 1982). These val ues are shown
in Tabl e 5.
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Table 5. --Natural nortality estimates for S. ruberrinus
in Southeastern Al aska

Met hod Sex M (estinate)
Catch curve - male . 037

female .034
Hoenig's both .039 (tpax = 115)

Denersal shelf rockfish are classified as ovovivi parous
al though recent work indicates that sone species may be
vi vi parous (Boehlert and Yokl avich 1984; Boehlert et al 1986).
Rockfish have internal fertilization with several nonths
separating copulation, fertilization, and parturition. Wthin
this |o-species conplex, parturition occurs from February through
Septenber with the majority of fish extruding larvae in late
winter and spring. Yelloweye rockfish extrude |arvae over an
extended tine period wth peak period of parturition occurring in
April and May (O Connell and Funk 1987).

MAXI MUM SUSTAI NABLE YI ELD

~Information is not available to provide a direct estimate of
maxi mum sust ai nabl e yield (MsY) for denersal shelf rockfish in
Sout heastern Al aska.

ACCEPTABLE BI OLOG CAL CATCH

Information is not available to provide an estinate of
accept abl e bi ol ogical catch (ABC). However, since fisheries
performance indicators show continued declines at the current
harvest |evel of approximately 600 t in the Southeast Qutside
District, it appears that the current harvest is above the annual
recruitment level. Therefore, it is assumed that the ABC is
bel ow 600 t in that area.

Bl OVASS PROJECTI ONS

Declines in average size and age distribution of key
rockfish species at current |levels of harvest suggest that the
current |evels are not sustainable. Unl ess harvests are reduced,
it is likely that the demersal shelf rockfish stocks will
continue to decline in the Southeastern area.
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The Al aska Departnent of Fish and Gane manages this fishery
under a provision in the Qulf of Al aska G oundfish fisheries
managenent plan. They subm tted a proposal for harvest
reductions to the Al aska Board of Fisheries for consideration at
their January 1989 neeting. The suggested harvest limts in the
di rected fis%ery for the Southeast Qutside District will be 300 t
to 420 t which represents a range of from50 to 70% of the 1988
directed harvest of approxinmately 600 t.
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FLATFI SH

by
Thomas K. W/l derbuer and Eric S. Brown

| NTRODUCTI ON

The "flatfish" species conplex is managed as a unit in the
Qul f of Alaska and includes, the major flatfish species inhabiting
the region with the exception of Pacific halibut ékipposLnssu&
stenolepis). The nmjor species, which conprised 97% of the 1988
domestic flatfish catch and account for 98% of the current
bi onass, are arrowtooth flounder (Atheresthes stonias), flathead

sol e (H_ppogl ossoi des el assodon), rock sole (
bilineata), rex sole (Qyptocephalus zachirus), Dover sole
(Mcrostonus pacificus), yellowfin sole (Linanda aspera), and

starry flounder (PlLatichthys stellatus).

This report describes the catches taken from 1978 through
1988 and presents information on the status of these stocks and
their potential yield fromdata obtained during the 1984 and 1987
Qul f of Alaska traw surveys.

CATCH H STORY

In recent years, the fishery for flatfish in the Gulf of
Al aska has undergone dramatic changes. Until 1981, the fishery
took around 15,000 t per year, alnost all of which was taken by
foreign vessels which were targeting on other species (Table 1).
After 1981, the catches decreased to a low of 2,552 t 1n 1986
before increasing to 9,925 in 1987.

Wth the cessation of foreign fishing in 1986, joint venture
fishing began to account for the majority of the catch.
In 1987 the gulfwide flatfish catch increased nearly fourfold to
9,925 t. The joint venture fisheries accounted for nearly all of
the increase--going from961 t in 1986 to 7,707 t in 1987 (from
38 to 73%of the gulfwi de catch). The donestic fishery nearly
doubled (1,586 t in 1986 vs. 2,718 t in 1987) but took a smaller
percentage of the total flatfish catch (down from 60%in 1986 to
27% in 1987). Wth respect to the total yield of 554,739 t
(estimated later in this report) the resource remains lightly
har vest ed.

In 1987 the International North Pacific Fisheries Conm ssion
(INPFC) Kodi ak statistical area continued to produce nore than



200

Table 1.--Catch (t) of flatfish in the @Qulf of Al aska, by Internationa
North Pacific Fishery Conmm ssion statistical area and fishery
category, 1978-87

Fishery
category Shumagin Chirikof Kodiak Yakutat Southeastern Total

Foreign
1978 2,538 2,482 3,830 2,955 2,536 14,341
1979 2,817 618 4,408 3,290 2,341 13,474
1980 3,022 976 5,909 4,095 1,495 15,497
1981 3,224 3,653 2,106 3,308 2,153 14,444
1982 1,412 2,898 4,618 58 0 8,986
1983 2,020 4,235 3,224 51 0 9,530
1984 603 1,349 1,081 0 0 3,033
1985 115 54 1 0 0 170
1986 56 15 0 Q 0 71
1987 0 0 0 0 0 0]
Joint venture
1978 ) ’ 0 0 0 0 5
1979 7 0 62 1 0 70
1980 11 ’ 106 92 -0 0 209
1981 0 18 0 0 0 18
1982 6 12 0 0 0 18
1983 171 62 2,459 0 0 2,692
1984 566 224 2,658 0 0 3,448
1985 324 570 1,553 0 0 2,447
1986 302 66 593 0 0 961
1987 2,073 1,133 4,001 0 0 7,207
Domestic
1978 6 4 82 . 0 760 852
1979 0 1 54 7 322 384
1980 0 0 46 0 94 140
1981 0 0 77 0 327 404
1982 0 0 71 0 203 274
1983 0 0 88 0 351 439
1984 5 10 236 0 181 432
1985 10 0 254 12 185 461
1986 362 8 766 123 150 1,409
1987 . 184 1,900 1,811 ) 40 ‘ 493 2,718
Total
1978 2,549 2,486 3,912 2,955 3,296 15,198
1979 2,824 619 4,524 ° 3,298 2,663 13,928
1980 3,033 1,082 6,047 4,095 1,589 15,846
1981 3,224 3,671 2,183 3,308 2,480 14,866
1982 1,418 2,910 4,689 58 203 9,278
1983 2,191 4,297 5,771 51 351 12,661
1984 1,174 1,583 3,975 0 181 6,913
1985 449 624 1,808 12 185 3,078
1986 720 89 1,359 123 150 2,441

1587 2,257 1,323 5,812 40 493 9,925
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hal f the flatfish catch fromthe Qulf of Al aska. The joint
venture fishery |anded 56% of its catch in the Kodiak area
targetting on rock sole on the continental shelf east of Kodiak
Island. Furthermore, 67% of the smaller (1,586 t) donestic
harvest was from the Kodiak statistical area.

The changi ng nmakeup of the gulf fisheries has also affected
the composition of the flatfish catch. Wereas the foreign and
joint venture catches have always tended to feature the deep-
wat er speci es described by Rose (1986), the donestic effort had
previously focused on the shal |l ow-water group. Cbserver sanmpling
of the Kodi ak-based donmestic flatfish fishery in 1988 (Al aska
Dept. Fish and Gane) indicates the catch conposition has changed.
This is reflected in the species conposition of the observed 1988
flatfish catch (Table 2) wnhere the donmestic catch contained 90%
??ep%maﬁfr species (exclusive of the unspecified "other"

atfish).

The joint venture catch in 1987 targetted on the shallow
wat er species group. (Cbservers of the Foreign Fisheries Observer
Program sanpling this fishery in the Kodiak statistical Area
reported that rock sole was the major conponent of the catch
(Janet Wall, Northwest and Al aska Fisheries Center, 7600 Sand
Point Way NE, BIN C15700, Seattle, WA 98115. Pers. conmmun.,
March 1988.) As the donestic fishery assunes a larger role in
the Gulf of Alaska flatfish catch, nore renovals are expected
from the deep-water species group, which accounted for 80% of the
estimated gulf flatfish biomass as estimated in 1987.

CONDI TI ON OF STOCKS

Rel ati ve- Abundance

Because the @il f of Al aska flatfish species have usually
been taken incidentally in target fisheries for other species,
catch per unit of effort (CPUE) from commercial fisheries seldom

reflect trends in abundance for these species. It is therefore
necessary to use research vessel survey data to assess the
rel ati ve abundance of these stocks. nparative CPUE data

between the 1984 and 1987 Qulf of Alaska triennial bottomtraw
surveys are available from catch data standardized to the traw
common to both surveys: the U S. noreastern trawl. Standardized

FPPF (kg/ knf) fromthe central and western Qulf of Al aska are as
ol | ows:

Species 1984 1987
Arrowtooth flounder 2,946 4,066
Flathead sole 746 793
Rock sole 540 1,263

Yellowfin sole 316 210
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Table 2. --Conposition of the GQulf of A aska flatfish catch
by species from the 1988 donestic catch (information
from 86 observer trips aboard Kodi ak-based vessels, 58
trips targetting on deep-water species and 28, trips
targetting on shall owwater species).

Catch weight

sampled (kg) Percent
Deep-water species
Arrowtooth flounder 128,492 49.9
Flathead sole 22,679 8.8
Rex sole 31,915 12.4
Dover sole 73,429 28.5
Othersa 1,177 0.5
All deep-water 257,692 100.0
Shallow-water species
Rock sole 28,528 43.1
Butter sole : 1,931 ‘ 2.9
Starry flounder 574 0.9
Lemon sole ‘ 64 0.1
OthersP 35,032 53.0
All shallow-water 66,129 100.0

a

I ncl udes rock sole (0.4%, and butter sole (0.02).

® I'ncludes arrowtooth flounder (35.0%, Dover sole (6.5% . rex
sole (8.7%, and flathead sole (2.8%.
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Rock sol e abundance, and to a |esser extent arrowooth flounder,
indicate a major increase in exploitable population density
bet ween survey years with a decrease for yellowfin sole;

Absol ut e Abundance

The principal source of information for evaluating the
condition of flatfish stocks in the GQulf of Alaska is the series
of triennial bottomtraw surveys. Estimates of flatfish bionass
fromthe 1987 cooperative U S. -Japan denersal traw survey are
given in Table 3. For the survey the apportionnent of sanpling
stations on the shelf and slope followed the nethods of the shelf
Eortion of the 1984 survey (Brown 1986). There were, however,

ey refinements. Based on the 1984 survey results, new subareas
were devel oped with respect to fish abundance and sanpling
densities wthin the subareas were allocated proportional to the
vari ances encountered during the previous survey. Finally, a
special word of caution is appropriate regarding the 1987 survey.
Results fromthe |1-100 mdepth interval in the eastern portion of
the survey area (an area characterized by a narrow, irregular

and generally untraw abl e bottom) were based on a single sanpling
station.

The 1987 @ulf of Al aska bottomtraw survey bionmass
estimates indicate that the flatfish resource remains stable with
a slight increase (approx. 3% over 1984 (2,110,854 t in 1987 to
2,056,808 t in 1984). Seven species resulted in biomass
i ncreases from 1984 while five species declined. The |argest
i ncreases were for Dover, rex, and rock sole with the |argest
decreases estimated for flathead sole and yellowfin sole.

Bi omass estinmates were cal cul ated by standardi zi ng survey
CPUE to the traw nost efficient at caﬁturing each species during
the survey. Wth the exception of rock sole, all flatfish catch
rates were standardi zed to the Japanese trawl in 1984 which was
not used in 1987. The common trawl used both survey years, the
U.S. polypropylene trawl, was found to be the nost efficient
traw in 1987 for all flatfish species. Consequently, the
bi omass estinmates generated on the basis of the 1987 survey are
t he best avail able, but are conservative relative to the 1984
estimates, which were based on catches adjusted to the nore
efficient Japanese traw .

Current Exploitable Bi onass

The expl oitabl e biomasses are assunmed to be the sanme as the
survey biomasses from 1987 since the nonexpl oitable conmponent of
the survey biomass is small. The Japanese trawl used during the
1984 survey was a commercial flatfish traw, and although it was
nore efficient than the 1987 survey traws, it provided nearly
the sanme size conposition as resulted fromthe 1987 traw survey.



204

Table 3. --Bionass estimates (t) for @l f of Alaska flatfish
based on the 1987 bottomtraw survey, by North Pacific
Fi shery Managenent Council regulatory area and species
(percentages of the grand total are in parentheses).

Area
Western Central Eastern Total (%)

Deep-water species

Arrowtooth flounder 158,547 829,468 156,227 1,144,242 (54)
Flathead sole 45,256 140,706 32,313 218,275 (10)
Rex sole 17,754 84,436 14,140 116,330 (5)
Dover sole 18,215 163,181 25,618 207,014 (10)
Others 76 61 0 137 (<1)
All deep-water 239,848 1,217,852 228,298 1,685,998 (80)
Shallow-water species

Rock sole 110,848 211,105 893 322,846 (15)
Yellowfin sole 30,326 23,044 0 53,370 (3)
Butter sole 4,605 14,738 593 19,936 (<1)
Starry flounder 4,689 7,504 2,520 14,713 (<1)
Others 1,922 5,800 6,269 13,991 (<1)

All shallow-water 152,390 262,191 10,275 424,856  (20)

All flatfish 392,238 1,480,043 238,573 2,110,854 (100)
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RECRU TMENT STRENGTHS

Age. determ nations were made for sanples of arrowt ooth
flounder and flathead sole collected during the 1984 survey and
for rock sole and yellowfin sole collected during the 1987 survey
(Fig. 1). Age sanples for arrowooth flounder and rock sole
indicate that the 1979 and 1980 year cl asses have been strong.
Exam nation of the size conposition fromthe 1987 survey suggests
continued recruitment to the stock. Age conposition of rock sole
and yellowfin sole also indicates the continued presence of
Luvenile fish in survey catches. Gven the simlarities in

I omass estinates between survey years, it is assuned that
average recruitnment has occurred for these species to maintain
their present stock size.

Bl OLOd CAL PARAMETERS
Natural Mortality, Age at Recruitnent, and Maxi num Age

A catch curve analysis (Ricker 1975), using the age
conposition as a synthetic cohort (Fig. 2), was used to estimate
mortality rates, average recruitnent, and age selectivity of the
survey effort in past assessnents (Rose 1987; Rose and W/ derbuer
1988). Wiile this method is effective if recruitment and
nortality are not too variable, it may result in biased estinmates
if either variable has an increasing or decreasing trend, or if
ol der ages were not accounted for from an age sanple. Natural
nortality rates (M resulting fromthis analysis were
unrealistically high, ranging from 0.30 for arrowtooth flounder
males to 0.86 for flathead sole females. Since natural nortality
and growth estimates are an integral part of yield and allowabl e
catch cal cul ations, they were re-examned for this assessnent.

The estimation of natural nortality rates for Qulf of Al aska
flatfish species was anal yzed using the nethods of Al verson and
Carner (1975), Pauly (1980), and Hoenig (1983). These nethods
correlate Mwth life history paraneters such as growth and
maxi mum age (Al verson and Carney); growth, maxinmum |ength, and

mean water tenperature during the life of the fish (Pauly); and
the maxi num age attained by a species (Hoenig). Estimtes of
natural nortality are as follows:
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Figure 1. --Size conposition of Qulf of Alaska flatfish estimated
fromthe 1984 and 1987 triennial bottomtraw surveys.
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Figure 2.--Age conposition of Qulf of Alaska flatfish estimated
fromage structures collected fromthe 1984 and 1987

Qul f of Alaska triennial traw surveys.
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Alverson and

Species Carney Pauly Hoenig
Flathead sole | 0.11 0.51 0.32
Rock sole ' -~ 0.09 0.27 0.21
Yellowfin sole 0.11 "0.26 0.21
Arrowtooth flounder 0.22 0.21 0.32

These val ues are much |ower than those which resulted from
the catch curve analysis and are consistent with M values used in
other flatfish assessnents which used values ranging from0.20 to
0.22 (Fargo 1988; Walters and W/ derbuer 1989; Forrester and
Thonpson 1969; Bakkala and W/ derbuer 1989). Accordingly, values
for the instantaneous natural nortality rate of Qulf of Al aska
flatfish species used for this assessnent are 0.20 for flathead,
rock and yellowfin sole, and 0.22 for arrowtooth flounder.
Mrtality rates and recruitable ages are summarized in Table 4.

Length and Weight at Age

The followi ng values for the parameters in the von
Bertal anffy age-length relationship were found from the |atest
agei ng dat a:

Species Source Linf{cm) K to
Arrowtooth flounder 1984 survey
males 46.5 0.20 -0.16
females 73.3 0.15 0.24
combined 59.6 0.17 0.04
Flathead sole 1979 Kodiak® :
males : 27.3 0.58 0.12
females 32.5 0.39 -0.36
combined 29.9 0.49 -0.24
Rock sole 1987 survey
males 31.7 0.36 0.73
females 41.6 0.21 0.38
combined 38.8 0.21 0.02
Yellowfin sole 1987 survey
males 32.8 0.19 -2.24
females 38.2 0.14 -2.18
combined 34.0 0.18 -1.82
E

C. R. Rose, 1981. Distribution and growth of flathead sole

(Hipposglossoides elassodon). M.S. Thesis, Univ. of Washington,
Seattle, 59 p.
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Table 4. --Estimates of natural nortality, growth (von Bertal anffy
k) and age of recruitnment for the major Qulf of A aska
fllatfish species.

Natural Age at
Species ‘ mortality Growth recruitment
Arrowtooth flounder 0.22 0.17 3
Flathead sole 0.20 0.49 4
Rock sole 0.20 0.21 4

Yellowfin sole ' 0.20 0.18 4
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The follow ng paraneters have been calculated for the length
(cm-weight (g) relationship: w=a * L (both sexes conbined).

Species a b

Flathead sole . 004056 3.2374
Rock sole .009984 3.0468
Arrowtooth flounder ‘ .003915 3.2232
Yellowfin sole .006678 3.1793

MAXI MUM SUSTAI NABLE YI ELD

The growth, nortality, and age conposition estinates
descri bed above were used on two analyses to estimte potenti al
yields of the key gulf flatfish stocks. The initial analysis
from Gul | and (1971? used growmh, nortality, and size-at-capture
paranmeters (Table 5) to estimate the ratio of virgin biomass to
maxi mum sustai nable yield (M5Y). In this analysis, the
traditional production nodel concept of MSY occurring at half the
stock level of virgin biomass (Schaefer 1957) was adjusted by
considerin% the ratio of the size at first capture to maxi mum
size and the ratio of natural nortality to the growth coefficient
(coefficient fromvon Bertalanffy growth equation). Since
flatfish abundance is currently at high levels, the 1987
triennial survey biomass estimates (Table 3) were used to
represent virgin bionass.

Rock sole values of the ratio of size at first capture to
maxi mum si ze and the ratio of natural nortality to the growth
coefficient were used to calculate MSY values for flatfish in the
"others" category used in Table 5. Recalculation of the natural
nortality rates of gulf flatfish fromthe previous assessnent
(Rose and W/ derbuer 1988) causes the total flatfish MSY derived
fromthis method to decline from477,853 t to 121,447 t.

ACCEPTABLE BI OLOd CAL CATCH

The data were also used in a Beverton and Holt (1957) yield
per recruit analysis to examne the effect of different levels of
fishing nortality (F) on yield. This analysis projected the
yield of a cohort through its lifetine at each value of F using
the inmputes of asynptotic weight, natural nortality, age at
recruitment, and a ?romih paranmeter (von Bertalanffy k). For this
anal ysis, survey selectivities were used to estimate the age at
recruitment, which may vary fromthe size at entry in the
commercial fishery. A conparison of survey and fishery size
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Table 5.--Mxinum sustainable yield estimtes* (t) for selected Gulf of
Al aska flatfish, based on the 1987 bottomtraw survey, by North
Paci fi ¢ Fishery Managenent Council regulatory area and species
(percentages of the grand total are in parentheses).

Area
Western Central Eastern Total (%)

Deep-water species

Arrowtooth flounder 8,720 45,620 8,592 62,932 (52)
Flathead sole 3,439 10,694 2,456 16,589 (13)
Others 1,207 10,774 1,691 13,692 (11)
All deep-water 13,366 67,088 12,739 93,193 (76)
Shallow-water species

Rock sole 7,316 13,933 59 21,308 (18)
Yellowfin sole 2,123 1,613 o 3,736 (3)
others 740 1,851 619 3,210 (3)
211 shallow-water 10,179 17,397 678 28,254  (24)
All flatfish 23,545 84,485 13,417 121,447 (100)

* Calculated fromthe nethod of Gulland (1971).
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conpositions indicated that this was a reasonabl e approxi mation,
al though the survey did catch a slightly higher proportion of
smal | er individuals.

Wth the exception of flathead sole, the yield per recruit
anal ysis indicates that values of F,, occur for Qulf of Al aska
flatfish at low levels of F %Fig. 3). The fact that these
species begin reproduction after first entry into the fishery
makes such high exploitation for flathead sole (F = 5.5)
dangerous fromthe perspective of recruitnment. Wile no spawner-
recruit information is available to fully evaluate this danger,
it is clear that if spawners are reduced to a | ow enough |evel
recruitnment wll suffer.

One managenent alternative to harvesting under conditions of
Fax iS the Fy , approach described by @ulland and Boerena
(1973). This rule of thunb determnes the fishing nortality
where the nmarginal yield is one-tenth of the original CPUE Iin a
very lightly exploited stock. This represents a conprom se
between a fishery which would maintain a better spawning stock
and nean size. These F values fromthe yield per-recruit
analysis and the natural nortality estimtes can be used to
estimate the proportion of a stock which woul d be harvested
annual Iy under this strategy fromthe forml a:

Y = F -(F + M)

B F+M 1 --2¢e

where Y = yield, B = biomass, and F and Mare fishing and natura
mortality, respectively. The resulting values are as follows:

Species Fnax Fo.1 mmax Mo .1
Arrowtooth flounder 0.3 0.17 0.24 0.14
Flathead sole 5.5 0.34 0.96 0.26
Rock sole ‘ 0.5 0.20 0.36 0.16
Yellowfin sole . 0.4 0.19 0.30 0.16

Wth the exception of flathead sole, the reconmended F for
Qul f of Alaska flatfish is F since the stocks are considered
to be near virgin biomass |evels. In the case of flathead sole,
however, the exploitation rate at F, is clearly unrealistic

(due to the k value obtained fromthe age analysis for this
species, see Table 4). The F,,; value is therefore the default
harvest |evel for flathead sole.

The exploitation rates were then nultiplied by the 1987
bi omass estinmates to determne the current potential yield
(acceptabl e biological catch) under conditions of an F,, fishery
for arrowooth flounder, rock sole, and yellowfin sole, and an
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Fo1 fishery for flathead sole (Table 6). The 1989 ABC
recommendation is 554,700 t for the flatfish conplex. This ABC
Is a reduction fromthe previous estimates due to the
recal cul ation of natural nortality rates.

Due to the overlapping distributions of these species, it is
not at all certain that they could all be fished at an optinmum
| evel simultaneously. Also, the fishery is likely to be linmted
by the potential for high by-catches of Pacific halibut.

Bl OVASS PRQIECTI ONS

Expl oi t abl e bi omass through 1995 is projected using the
delay difference equation (Deriso 1980). This nodel incorporates
growth, natural nortality, recruitnent, and 2 years of biomass
estimates to predict future biomass (Fig. 4). Exploitable
bi omass is predicted under harvest strategies of F,. Fy; and
F=0. Recrui tment biomass is assunmed constant during the
proj ected years and was approximated fromthe 1987 Qulf of Al aska
trawl survey biomass as follows:

Arrowtooth flounder fish less than 29 cm 21,100 t
Rock sole fish less than 21 cm 903 t
Flathead sole fish less than 24 cnm 2,880 t

Yellowfin sole fish less than 25 cm 1,950 t
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Table 6.--Acceptabl e biological catch (ABC) (t) of selected flatfish in the
Gul f of Al aska, based on estinmates fromthe 1987 bottom traw
survey with stocks at current |evels under conditions of an Fg
fishery for arrowtooth flounder, rock sole, yellowfin sole, and
"others, " and an Fgo, fishery for flathead sole. Present ed by
North Pacific Fishery Managenent Council regulatory area
(percentages of the grand total are in parentheses).

Area
Western Central Eastern Total (%)

Deep~water species

Arrowtooth flounder 38,051 199,072 37,494 274,617 (50)
Flathead sole 11,767 36,584 8,401 56,752 (10)
Others 8,650 59,442 9,542 77,634 (14)
All deep-water . 54,468 295,098 55,437 409,003 (74)
Shallow-water species

Rock sole 39,905 75,998 140 116,043 (21)
Yellowfin sole 9,098 3,084 .0 12,128 (2)
Others 4,038 10,095 . 3,378 17,511 (3)
All shallow-water 53,041 = 89,177 3,518 145,736 (26)

All flatfish 111,509 - 384,275 58,955 554,739 (100)
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SQUI D
by
Thomas K. W/ der buer

| NTRODUCTI ON

Squi d species, including Berrvteuthis magister, Berryteuthis
anonychus, and Gonatus spp., are distributed throughout the Gulf
of Alaska. These species display a pelagic to bentho-pel agic
vertical distribution and are comonly caught in m dwater and
bottom trawls. Currently of mnor econom c inportance, squid
species are managed as a single group in the Gulf of Al aska.

CATCH HI STORY

Qulf of Alaska squid are taken as by-catch by fisheries in
pursuit of other species. Catches have averaged just 347 t for
the years 1978-88 %Table ), nost of which has been taken b
foreign fleets fishing in the central and western gulf. Catches
by joint venture fisheries are insignificant and there have been
no reported catches of squid by the U'S. domestic fishery. The

total catch of squid has decreased sharply since 1981 as fi shing
by foreign nations has decreased.

CONDI TI ON OF STOCK AND MAXI MUM SUSTAI NABLE YI ELD

The abundance and potential yield of squid in the Qulf of
Al aska have not been eval uated through research findings.
However, catches of squid by comrercial vessels and research
vessels, and their occurrence in the stomachs of fish and narine
manmmal s, indicate a large standing stock. Maximum sustainable
yield is intuitively believed to be greater than 5,000 netric
tons (t). Accordingly, optinumyield (OY) has been set at
5000t (North Pacific Fishery Managenent Council 1987).
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Table 1. --Catch (t) of squid in the Gulf of Al aska, by fishery
category, 1978-88.

Foreign U.S. joint Total
Year total venture catch 0Y/TAC
1978 322 ——— 322 2,000
1979 425 -——- 425 5,000
1980 841 : Tr 841 5,000
1981 - 1,135 Tr 1,135 5,000
1982 278 ‘ 16 294 5,000
1983 267 4 271 5,000
1984 120 5 125 5,000
1985 6 7 13 5,000
1986 0 7 7 5,000
1987 - 4 4 5,000
1988%* - 35 35 5,000

*Catches through 20 August 1988.°

Tr = Trace.

TAC = total allowable catch.

Sour ces: 1078-84--Berger et al. (1986); 1985-85--personal
communi cation with Jerald Berger, U S. Foreign Fisheries Observer
Program Northwest and Al aska Fisheries Center, National Marine
Fisheries Service, NOAA 7600 Sand Point Way NE, BIN C15700,
Building 4, Seattle, WA 98115; 1986-88 Pacific Fishery

| nformation Network (PacFIN), Pacific Marine Fisheries

Commi ssion, 305 State Ofice Building, 1400 SW Fifth Avenue,
Portl and, OR 97201.
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OTHER SPECI ES
by
Richard L. Mjor

| NTRCDUCTI ON

The fishes or groups of fishes in the "other species" category
are currently of little economc value to the fisheries of the Qult
of Alaska. Al though the groups making up the other species

category--sculpins (famly Cottidae), skates and sharks (class

Chondri chthys), snelts (famly QOsneridae), and octopuses (order
(ctopoda) --are not the target objects of the present fisheries, they
are regularly taken as by-catch.  Nonetheless, with an eye to the
ecol ogi cal inportance and potential economc inportance of fishes in
the other species category, it is instructive to exanine the _
avail able information pertaining to their condition. A though this
assessnment is essentially unchanged from Mj or §1988), It is repeated
here for the sake of conpleteness of the GQulf of Al aska status of

st ocks docunent.

CATCH HI STORY

Because of the relative uninportance of the fishes in the other
speci es category, there have been no special studies directed at
assessing their condition. Therefore, comercial catch data provide
virtually the only opportunity to appraise the current status of the
stocks. ~ The catch data thensel ves, however, are not straightforward.
Cat ches of the groups naking up t he ot her species cate%ory wer e not
recorded in the U S. donestic fishery until 1987. FurThernore, Japan
i ncl uded Atka mackerel (PlLeurogrammis nonopterygius) in their 1977
catch, and their 1979 catch included shortspine thornyhead _
(Sebast ol obus al ascanus). Simlarly, rattails and grenadiers (famly
Macrouridae) have been in and out of the other species category. It
was not until 1981 that the nakeup of the other species category
stabilized in its present form

Cat ches since 1981 are as follows (in nmetric tons (t)):
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Fi shery Cateaqory

Year Foreign Joint venture Domestic Total
1981 7,112 33 - 7,145
1982 2,049 301 . - : 2,350
1983 2,255 391 - 2,646
1984 576 1,268 , - 1,844
1985 97 2,246 - 2,343
1986 146 255 - 401
1987 - 178 75 253
1988%* - 99 515 614

*Cat ches through 20 August 1988.

It is clear that the total catch of other species remains at a | ow

| evel . Because the magnitude of the catches and their distribution
anong the conponent foreign,, joint venture, and domestic fisheries
are IargeI% shaped by regul atory- decree, the catches offer little
real insight as to the condition of the other species group. Because
t he catches have been relatively small over the years, however, it is
intaitively unappealing to project the stocks as being |ess than

stabl e.

CONDI TI ON OF THE STOCK

Speci es Conposition

It is worthwhile to note the simlarity in species conposition

bet ween the 1984 commercial catch and the sanples taken by the 1984
U. S. -Japan cooperative bottomtrawl survey of the central and western
Qul f of Al aska (which, together with a conplenmentary survey in the
eastern gulf, is also referred to as the triennial survey).
Expressed in terns of the mgjor groups maki ng up the other species
category, conposition was as follows (comrercial catch first, then
survey catches in parentheses): scul |ns 50% (41%, skates 20%

3299, smelts 16% (9%, sharks 11% (16%, and octopuses 4% (29 .

cluded fromthe conputations is a dlsproportlonately | arge catch of
eul achon (snelts; Thal ei chthys pacificus), taken by the U S. -Japan
joint venture for wal | eye pol | ock (Theraqra chal cogranma) in Shelikof
Strait. This gives rise to the precaution that bottomtraws are
generally a poor tool with which to sanple snelts--minly because the
species of this famly primarily inhabit pelagic waters. [t must be
assuned, therefore, that the abundance of this famly is
substantlally under est i mat ed.

Al though the triennial survey was repeated in 1987, the
conposition of the other species category recorded in that survey
cannot be conpared with the conposition of the foreign or joint
venture fisheries because the latter fisheries had been elimnated or
reduced to a | ow [ evel by 1987.
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Absol ute Abundance and Expl oitabl e Bi omass

The 1987 U.S. -Japan coagerative bottomtraw survey did,
however, provide data with ich to generate bionass estinmates for a

few bottomdwel | ing species or grouPs of species that were taken in
fair nunbers. Estimates are as follo

WS:
Species Biomass (t)

Skates

Unidentified 47,430
Sharks

Spiny dogfish

(Squalus acanthias) 9,225

Salmon shark

(Lamna ditropis) 13,504

Pacific sleeper shark

(Somniosus pacificus) 1,267
Sculpins

Myoxocephalus spp. 400

Yellow Irish Lord

(Hemilepidotus jordani) 13,672

Bigmouth sculpin

(Hemitripterus bolini) 10,429

Darkfin sculpin ’

(Malacocottus zonurus) 859

Spinyhead sculpin

(Dasycottus setiger) 142

Total 96,928

It is inportant to enphasize, for reasons of |ater discussion
that the so-called "absolute" biomass estimte does not include
smelts (which could make up a large elenent in the other species
category), octopuses, and many scul pins.

MAXI MUM SUSTAI NABLE YI ELD, EQUI LI BRI UM YI ELD
AND TOTAL ALLOMBLE CATCH

The maxi num sustai nable yield, equilibriumyield, and total
al l owabl e catch (TAC) have not been estimated for the other species

‘Eric Brown, Northwest and Al aska Fisheries Center, Nationa
Marine Fisheries Service, NOAA 7600 Sand Point Way NE, Seattle, WA
98115. Pers. conmun., April 1988.
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category because of the dearth of information. Rather, the North
Paci fic Fishery Managenment Council, according to the terns of the

Fi shery Managenent Plan (FMP) for the @ulf of A aska G oundfish
Fishery, sets the TAC at 5% of the sumof the TACs for the other

ei ght species categories (squid are not included). Using this
procedure, the 1988 TAC was set at 12,426 t. Considering that 12,426
t is only 13% of the bare mnimum current biomass estinmated above
(and probably a nmuch | ower percentage of the real bionmass), the
procedure called for in the FMP does not jeopardize the well-being of
the other species category. The population, in fact, could probably
sustain a higher harvest rate, providing that the weaker elenents in
the mul tispecies conplex were not thereby inperiled.
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Results of Acoustic-Mdwater Trawl Surveys for Walleye Pollock in

Shel i kof Strait, Al aska, in 1988

by
Edmund P. Nunnallee and Neal J. WIIianson

| NTRODUCTI ON

The annual acoustic-mdwater trawl survey of the walleye
pol I ock (Theragra chal cogramma) popul ation in Shelikof Strait,
Al aska, was conducted using the National COceanic and Atnospheric
Adm nistration (NOAA) ship MIler Freeman. Echo integrator-
mdwater trawl survey passes were nade through the strait during
11-19 March and 20-27 March. The series was conparable to those
conducted in 1981 and 1983-87 (Nunnal |l ee 1987). The mgjor
obj ective of the survey was to provide data for estimation of the
age and Ien?th specific bionmass and popul ation of the off-bottom
component of the pollock stock near the tine of spawning in the
strait.

Esti mat es of age and size specific popul ation and bi onmass
and ot her selected biological observations are presented for the
1988 survey. Simlar estinmates from previ ous survey years are
presented for reference and for conparison where applicable.

SURVEY METHCDS

Acoustic data were collected with a 38 Khz echo sounder and
a digital echo integrator interfaced to a conputer system for
storage and subsequent analysis. The echo sounder's transducer
was housed in a dead wei ght body that was towed fromthe stern of
the ship at an average depth of about 18 m  The acoustic system
was calibrated after the cruise period. Biological sanples were
coll ected and echo sign was identified using a mdwater rope
trawl (NET Systens Inc., No. 864) equipped with 45 fat hom
bridles, 5 msteel otter doors, 600 and 1200 Ib tom weights and
3.2 cm nesh cod end liner. The trawm was al so equi pped with a
cable (third wire) netsounder system Vertical nouth openings
ranged from 12 to 18 fat hons.

Survey operations were conducted 24 hours per day al ong
paral | el tracklines which extended between the 50 fathom depth
contours of the strait (Fig. 1). Each pass through the survey
area was run fromnear Chirikof Island to near Foul Bay. The
average di stance between adjacent transects was about 7.5 nm.
Average vessel speed was 9 kn. Echo integrator estinates of fish
density were obtained along each transect at |-mnute intervals
for each of up to 400 contiguous 1 mdepth intervals between 5 m
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bel ow the transducer and the seabed. Echo integration data were
collected to within about 3 mof the seabed.

Mdwater traw hauls were nade during each pass through the
survey area to provide data on the biological conposition of the
pol | ock stock and other nidwater species. The distribution, of
traw stations was roa?hly proportional to the occurrence of echo
sign. Individual trawl durations depended on the tine required
to capture an adequate anmount of the target ephosiPn required for
a biological sanple, as judged by interpretation of the
net sounder echo trace. Average trawling speed was about 3 kn
St andard on-deck catch sorting and enunerating procedures were
used to provide estimtes of weight and nunbers by species for
each haul. Each catch was either sorted conpletely or, if it
exceeded about 2,000 Ib, was subsanpled and then sorted to
det ermine species conposition. Pollock Iength (by sex) data were
col l ected from random catch subsanples from each haul . _

I ndi vidual weight, sex, maturity and length data, and otoliths
were collected from stratified length subsanples from nost
haul s.

RESULTS

Sanmpling Effort and Species Conmposition in Trawl Catches

Trackl ine di stances for survey pass 1 and 2 anounted to
1,505 km (813 nni) and 1,608 km (868 nnmi), respectively. Twenty-
six mdwater trawl hauls were conpleted during the survey
(Table 1). The frequency of occurrence in traw hauls and the
total catch of each species taken are shown in Table 2. The
catch wei ght of species other than pollock amounted to only 7.6%
of the total; 4.3 % of the total was eul achon ( '

ifi : It has not been possible to determne for any of the
Shel i kof Strait surveys (1981 & 1983-1988) whether the proportion
of the catch represented by eulachon is a true reflection of the
eul achon popul ation size or is an artifact of the aimed trawing
sanpling technique. Eulachon have consistently been found near
bottom and when taken in trawl catches were associated with the
| oner |ayer of pollock echosign. Discussion of catch quantities
other than pollock are included only to indicate the degree of
contam nation in the assessment of the pollock popul ation.

Bi omass and Popul ation Size and Age Conpositions

The estimated bi omass and popul ation of 2 year and ol der
pollock in Shelikof Strait during the 1988 survey was 324,800 t
and 1,349.6 mllions, respectively. Age specific population and
bi omass estinmates for 1988 and all previous survey years are _
given in Table 3, population estimates by year class are given in
Tabl e 4 and annual biomass estimtes for all survey years are
given in Table 5. In addition, plots of estimated total annua
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Table 2 .--Frequency of occurrence and total catch by species in 26 m dwater
trawl hauls made during the 1988 Shelikof Strait pollock survey.

‘ Frequency Total catch
Species No. % 1b. %
Walleye pollock (Theragra chalcogramma) 26 100.0 26,902 92.6
Eulachon (Thaleichthys pacificus) 19 73.1 1237 4.3
Pacific herring (Clupea harengqus pallasii) 11 42.3 19 .1
Smooth lumpsucker (Aptocyclus ventricosus) 9 34.6 50 .2
Squid (unidentified) 9 34.6 17 .1
Chinook salmon (Oncorhynchus tshawytscha) 9 34.6 51 .2
Arrowtooth flounder (Atheresthes stomias) 8 30.8 43 .2
Pacific cod (Gadus macrocephalus) 7 26.9 89 .3
Flathead sole (Hippoglossoides elassodon) 5 19.2 5 Tr
Jellyfish (Unidentified) S 19.2 9 Tr
Rougheye rockfish (Sebastes aleutianus) 2 7.7 18 .1
Shrimp (Pandalus sp.) 2 7.7 3 Tr
Pink salmon (Oncorhynchus gorbuscha) 1 3.8 2 Tr
Salmon shark (Lamna ditropis) 1 3.8 500 1.7
Big skate (Raja binoculata) 1 3.8 103 .4
Starry flounder (Platichthys stellatus) 1 3.8 1 Tr
Rock sole (Lepidopsetta bilineata) 1 3.8 1l Tr
Salmon (unidentified) 1 3.8 1 Tx

Total 29,051

Tr = Trace (<.05 %)



e 3 SR b ot AT S oS IR T Y29, 308,33 determined from 1902
Survey Adge

year 2 3 4 5 6 7 8 9 10 11 12

Estimated Numbers (millions of fish)
1981 3,704.6 1,490.7 888.5 3,480.1 1,464.1 258.6 151.2 115.7 31.4 3.5 0.0
1982 = = = = = = = = - m - e m s e - - - - - === Nosuwrvey — = = = = = = = = = = = = = = = = = = = - = = =
1983 757.8 325.7 1,4106.0 1,270.3 761.7 648.4 145.2 19.5 i1i.9 4.1 1.9
1984 74.2 258.9 231.1 700.9 1,045.0 464.8 239.8 42.1 3.7 0.0 0.9
1985 218.6 92.4 194.9 111.5 214.0 269.2 103.5 26.0 2.9 1.5 0.6
1986 1,993.1 287.7 44.3 81.7 52.3 89.5 151.3 62.1 11.7 1.8 0.0
1987 * * * * * * * * * * *
1988 115.3 753.6 349.6 83.8 18.2 6.0 6.0 4.1 9.3 1.8 1.9
Estimated Biomass (1,000 t)

1981 350.6 375.0 339.4 1,509.0 756.1 177.3 115.8 111.0 27.9 3.2 0.0
1982 - - = = = = - m -t r m e - - - - - = Nosurvey = = = = = - = = = = = - — - - - - - = - - -~
1983 58.9 103.9 570.7 700.8 497.2 360.6 105.1 17.3 12.1 4.8 1.6
1984 8.0 64.1 105.5 405.8 710.5 333.8 169.8 34.8 4.9 0.0 0.9
1985 22.4 27.1 99.8 67.9 157.2 217.0 86.6 21.5 2.9 1.9 0.6
1986 129.5 60.0 18.6 62.3 44.8 81.8 148.4 62.4 13.2 2.6 0.0
1987 * * * * * * * * * * *
1988 7.9 140.6 99.0 33.7 9.7 5.9 6.5 4.7 11.3 2.4 3.1

* No estimates available for 1587.
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Table 4.--Pollock pogulation estimates (millions{ by year class and age (ages >2), determined from
1981 and 1583-88 Shelikof Strait acoustic-midwater trawl sutveys.

7 Year class
Age 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1580 1981 1982 1983 1984 1985 1986

2 3704.6 * 757.8 74.2 218.6 1993.1 # 115.3
3 1490.7 * 325.7 258,9 92.4 287.7 # 753.6
4 888.5 * 1410.0 231.1 194.9 44.3 # 349.6

5 3480.1  # 1270.3 700.9 111.5 81.7 # 83.8 '

6 1464.1 % 761.7 1045.0 214.0 52.3 # 18.2

7 258.6 * 648.4 464.8  269.2 89.5 # 6.0

8 151.2 * 145.2 239.8 103.5 151.3 # 6.0

9 ‘1n5.7 19.5 42.1 26.0 62.1 # 4.1

10 31.4 % 1.9 3.7 29 1.7 9.3

1n 3.5 * 4.1 0.0 1.5 1.8 # 1.8

2 00 * 19 0.9 0.6 0.0 # 1.9

* No suryey in 1987,
# No estimates available for the 1987 survey.
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Table 5. --Sumary of annual

232

bi omass estimates of age 2 and ol der
pol I ock in Shelikof Strait for surveys conducted in
1981 and 1983- 88.

Year (t x 10°%

Interval (t x 10°

Source of estinmtes

1981

1982

1983.

1984

1985

1986

1987

1988

3.77

to

to

to

to

to

to

Mean of ests., pass 1 & 2

No survey conducted in 1982
Mean of ests., pass 1 & 2

Mean of ests., pass 1, 2 &
Mean of ests., pass 1, 2 &
Mean of ests., pass 1, 2 &
No ests. available for 1987

Mean of ests., pass 1 & 2

3
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bi omass and annual age, and size specific populations are shown
in Figure 2, 3 (ages >2), and 4 (all ages), respectively.

The estimated pollock biomass in Shelikof Strait during the
1988 survey is the |owest of any of the survey years and the
popul ation estimate is |lowest of all years except 1985. The
reason for these unexpectedly |ow nunbers is unclear but nag be
the result of 1) a large proportion of the fish not having been
available to the survey, or 2) an actual decrease in the
popul ati on having occurred.

Areal Distribution and Maturity Conposition

Separation of the areal distributions of the immture (non-
SEamnln?) and mature conponents of the pollock population in
Shelikof Strait was anbi guous during the 1988 survey due to |arge
nunbers of nonspawning (2- to 5- year old) fish at all depths.

Two | ayers of echosign were found in nost areas but each
contained fish of all ages. The upper |ayer contained nostly
younger fish (age 2-4). The size conposition in the |ower |ayer
was simlar but also included sone smaller and sone |arger fish
(age 1 and age 5-12). There was no obvious environmental factor
that accounted for the vertical stratification. The size and age
conpositions of the |ayers remained consistent throughout the
survey period. The heavi est aggregations of pollock were found
at about the sane |atitudes as in previous years, but were

| ocated nore toward the east side of the strait. The only
aggregationof large, mature pollock that was identified (by a
comrercial fishing vessel) was |ocated near Cape Ugat, very near
the east side. During previous survey years much of the poll ock
echosign was found in the central and western part of the strait,
nostly in the deeper trenches near the west side.

Echosi gn of I-Year-old pol | ock (1987 year class) was found
in the nost southerly part of the survey area and snmall nunbers
occurred in all but one of the trawl haul catches fromthe | ower

| ayer of echosign; no age-l pollock were taken in upper |ayer

cat ches. No attenpt was nmade to conduct a detailed survey of the
extent of age-l pollock since little is known about their
distribution or novenents in the strait and their assessnent is
questionable at best. The thickness and extent of the |ayer, as
indicated by echograms, were simlar to those of the 1986 year
class as we observed it during the 1987 survey.

The maturity conposition of age-4 and ol der fenmal e pollock
during the 1988 survey (Tables 6 and 7? i ndi cated | ower
percent ages of spawning and spent females during the |ast 10 days
of March than during any previous survey period and |ikely
indicates a |ate peak spawning period for 1988. No mature 3-
year-old femal e pollock were seen during the survey period.
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Tabl e 6. --Observed percentages of spawning femal e pollock at
age in Shelikof Strait during surveys conducted in
March 1983- 88.

Year
Age 1983 .1984 1985 1986 1987 - 1988
2 0.0 0.0 1.0 0.0 0.0 0.0
3 74.5 30.8 26.0 3.3 1.2 0.0
4 79.0 61.3 45.5 10.5 10.6 20.9
5 96.3 95.3 52.0 86.1 34.0 17.6
6 96.7 99.0 89.8 90.2 76.9 60.6
7 97.7 100.0 99.2 95.9 88.5 66.7
8 93.8 99.2 99.2 100.0 95.0 100.0
9 100.0 100.0 100.0 100.0 99.1 85.7
10 100.0 100.0 100.0 100.0 100.0 94.4
11 ©100.0 100.0 100.0 100.0 100.0 100.0

12 100.0 100.0 100.0 100.0 100.0 100.0




Tabl e 7--Per entaematurlt corn conposi tions f e-
a ? g ydurlng 1983-88 She |kofq Stralt acoustic-'

and ol der
mdvvater traV\A survey passes.

femal e

Maturity stage

Survey pass No. . . ple
Year and period Immature Developing Mature Spawning Spent size
1983 1 March 6-15 0.0 8.6 90.8 0.5 0.0 371
2 March 16-19 0.0 9.7 87.3 2.2 0.8 361
3 April 6-12 0.0 11.7 6.6 13.1 68.6 137
1984 1 March 1-9 1.5 8.0 90.5 0.0 0.0 274
2 March 9-16 0.0 5.1 92.9 1.5 0.4 467
3 March 16-18 * * * * * *
4 March 22-25 0.0 3.1 55.3 37.5 4.1 291
5 April 1-7 0.0 0.4 14.4 29.2 56.0 250
1985 1 Feb., 21-28 0.0 12.1 87.9 0.0 0.0 190
2 March 1-9 0.0 29,3 70.7 0.0 0.0 242
3 March 14-20 0.0 22.3 71.5 6.2 0.0 130
4 March 21-28 0.0 13.2 58.7 21.4 6.7 341
1986 1 March 5-12 0.0 18.8 80.2 1.0 0.0 192
2 March 13-21 0.0 17.4 73.4 9.2 - 0.0 109
3 March 22-30 0.6 9.2 62.4 16.2 11.6 173
1987 1 March 12-17 0.0 47.1 52.9 0.0 0.0 140
2 March 18-25 0.0 9.8 87.7 1.2 1.2 163
3 March 25-29 0.0 14.8 77.4 3.5 4.3 115
1988 1 March 11-19 0.0 60.2 38.1 0.0 1.7 181
2 March 20-27 0.0 59.2 39.8 0.0 1.0 28

* Maturity data were not collected for thi; survey pass.
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DI SCUSSI ON

~ The 1984 and 1985 year classes were by far the nost abundant
during the March survey period. Their conbined popul ation and
bi omass contributed 82 and 73% of the 1988 totals, respectively.
The 1984 year class strongly dom nated the popul ation during the
1985-87 surveys. During the 1988 survey, however, the 1985 year
cl ass popul ation was estinmated to be nore than tw ce as abundant
as the 1984 year class. The 1985 gear cl ass did not appear to be
exceptionally large during the 1986 or 1987 surveys and this
apparent shift in year class dom nance in 1988 was unexpected. A
possi bl e but unsupported hypothesis is that since the 1984 year
class is only about 21% mature (Table 6), a large portion of the
popul ation was not in the strait and was under-represented in the
survey area. The apparent popul ation decline of the 1984 year
class from 1986 to 1988 anounts to about 82.5% total nortality
over the 2-year period (no population estimate for 1987), or an
i nstantaneous nortality rate of 0.87. These cal cul ati ons shoul d
be viewed with caution, however, since they are necessarily based
on the 1986 popul ation estimate of the 1984 year class at age 2.
Rel i abl e estimation of the abundance of
age-2 pollock in Shelikof Strait has proven to be difficult
(Table 3).

The assunption was made during the first few years of the
Shelikof Strait survey series that the abundance of pollock in
the strait during March represented a |arge portion of the total
population in the central and western gulf area. Exploratory
surveys were conducted in 1983 during |ate February-early March
from near Uninak Pass to Shelikof Strait and on the southeastern
and eastern side of Kodiak Isl and. Furt her investigations were
made during 1984 early March in Amatuli Trench (East of Kodi ak
| sland) and in Prince WIIiam Sound. No significant aggregations
of spawni ng pollock were found in any of these areas, Supporting
to sone degree the assunption that much of the pollock in the
central and western gulf spawned in Shelikof Strait during that
time. This assunption has becone nore and nore questionable
during the last 3 years as the proportion of the population in
the strait represented by mature fish has beconme 1ncreasingly
smal ler.  The popul ation in Shelikof Strait during Mirch has
changed from mainly a spawning to a nonspawni ng aggregation. In
addition, the size (length and weight) at age of pollock this
year was considerably less than during the early years of the
survey series (Fig. 5). Nearly 75% of the 3-year-old and 80% of
4-year-old fenmale pollock in Shelikof Strait were mature during
the 1983 survey.' In contrast, none of the 3-year-old and_only
about 21% of the 4-year-old females were mature in 1988 (Table
6). The nonspawning portion of the population in 1988 anpunted
to 90.7%  The average individual size and weight of pollock have
al so decreased since 1983. The average size of 3-year-old fish
in 1983 was about 35 cm in 1988 they were a little I ess than 30
cmin length. Likewise, averqge wei ght of 3-year-old fish have
decreased from about 300 g in 1983 to less than 200 g in 1988.
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SHELIKOF POLLOCK, LENGTH AT AGE
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Figure 5. --Average lengths and weights at age of Shelikof Strait
pol I ock showing a consistent trend in decreasing size
and wei ght over the |ast several survey years.
Straight lines indicate predicted values (fromlinear
regressi ons).
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Some of this apparent decrease in average wei ght may be
attributable to the change in maturity over the period since
gravid fish can weigh nore than simlar-size inmture

Individuals. Similar but |ess obvious trends can be seen for
older fish. No data are available on environnental factors that
coul d account for reduced growh and nmaturation rates of the

I ndi cated nagnit ude. It is not known whether the apparent slower
growmth of the fish over the |ast several years is a factor in
their reduced rate of maturation at age.

The changes in growh rate and age at maturity of the
Shel i kof Strait pollock population may indicate that the March
survey results for 1986-88 have been, year-by-year, becomng |ess
conparable to those from previ ous years. In addition, it is not
known whet her the biological characteristics or abundance of
I mmat ur e (nonpamnin%) pollock within the strait during March is a
reliable index of the central and western population in general.
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ASSESSMENT OF GULF OF ALASKA SABLEFI SH
BASED ON THE JAPAN-U. S. COOPERATI VE LONGLI NE SURVEY, 1987

by
M chael F. Sigler®

| NTRODUCTI ON

In 1978, the Fisheries Agency of Japan and the U. S. National
Marine Fisheries Service (NVFS) began a cooperative |ongline
survey along the continental slope of the Gulf of Alaska to
assess the abundance of sablefish (Anoplopoma finbria) and

Pacific cod (Gadus macrocephalus). The initial purpose of the
survey was to supplenment relative abundance data from the then

shrinki ng Japanese commercial longline fishery. The first year
of the survey was experinental and the data could not be used for
popul ati on assessnment purposes. Since 1979, the survey has been
conducted annually in the Qulf of A aska. The survey was
expanded in 1980 to include the A eutian Islands region and again
in 1982 to include the eastern Berin? Sea. This report, however,
Wl present results and analysis only for the @ulf of Al aska
portion of the survey. The longline survey currently is the
primary nmethod of determning' annual changes in sablefish
abundance in the GQulf of Alaska. Survey results are used by the
North Pacific Fishery Managenent Council (NPFMC) to determ ne the
acceptabl e biological catch (ABC) and the total allowable catch
(TAC, and to allocate the harvest anong the regulatory areas of
the Qulf of Al aska.

Sabl efi sh abundance in the GQulf of Al aska doubled from 1979
to 1986 (Sasaki 1987; Sigler 1987); this increase was
statistically significant (Sigler 1987). The main increases in
abundance were from 1980 to 1982 and from 1984 to 1985. The
strong 1977 year class (Sasaki 1982; MFarlane and Beam sh 1983;
Funk and Bracken 1984) probably was responsible for the first
increase (Sigler and Fujioka 1988). The second increase probably
was due to recruitnent of a strong 1980 year class (Sigler and
Fujioka 1988) and increased availability of large fish (Fujioka
1987; Johnson and Quinn 1987).

This report updates- previous analyses of the [ongline survey
results. In this report, relative population nunbers (RPN, an

'Auke Bay Laboratory, Al aska Fisheries Science Center, National
Marine Fisheries Service, NOAA, P.QO Box 210155, Auke Bay, AK
99821.



244

i ndex of relative abundance in nunbers), relative popul ation
weights (RPW an index of relative abundance in welight), and

| ength conpositions are conputed for sablefish in the Qulf of

Al aska fromthe results of the 1987 |ongline survey. In
addition, the statistical significance of annual changes in the
RPNs from 1986 to 1987 are eval uat ed.

SURVEY METHODS

The @il f of Al aska Portion of the Japan-U S. cooperative
| ongline survey covered tive International North Paciftic

Fi sheries Comm ssion (INPFC) statistical areas: Shumagin,
Chirikof, Kodiak, Yakutat, and Southeastern (Fig. 1). Each year
a total of 47 stations were sanpled by longline using a Japanese
commercial longline vessel chartered by the Japan Fisheries
Agency. One station was sanpl ed each day and covered depths from
approximately 100 to 1,000 m  The longline was 16 km |l ong and
consi sted of 160 hachis (the Japanese word for "skate" or |ength
of longline); each hachi was 100 mlong with 45 hooks attached
(baited with squid). Soak tinme, the time between setting and
retrieval, varied from 3 hours at the beginning of the |ongline
gear to 7 or 8 hours at its end. Sablefish caught were tallied
by depth and hachi as the longline was brought aboard, then

wei ghed and neasured to the nearest centineter fork length. Mbst
of the sablefish were also sexed, but some were tagged and

rel eased without sexing. Detailed survey nethods are described
in Sasaki et al. (1983).

RELATI VE POPULATI ON | NDI CES

The survey area for the longline survey was the upper
continental slope (Fig. 2?; survey stations were spaced
approximately equidistantly along the length of the upper
continental slope. The extensive continental shelf and nunerous
gullies of the Gulf of Al aska were not sanpled.. Thus,
conmput ations of sablefish relative abundance in this report, wth
one necessary exception noted |ater, have been confined to the
area surveyed, the upper continental slope.

Rel ati ve popul ati on nunbers were cal cul ated for the upper
continental slope to index annual changes in sablefish abundance.
Catch data were divided into nine strata based on 100 m depth
increments (Table 1) because of differences in the sablefish
catch rate by depth. The nunber of sablefish caught per hachi
were calcul ated tor each stratum of a station, and the resultant
values within each statistical area were averaged. As in Sasaki
(1985) , the nean nunber of sablefish caught per hachi for each
stratumin a statistical area. was nultiplied by the stratuns
areal size (Table 2). The resultant RPNs were summed across
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Figure 1.--International North Pacific Fisheries Conm ssion
statistical areas sanpled during the GQulf of Al aska
portion of the Japan-U S. cooperative |ongline
survey, 1979-87.
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Table 1. --Nunber of stations sanpled by year,
Pacific Fisheries Commssion (INPFC) area, and depth

during the Japan-U. S

| nt ernati ona

cooperative longline survey,

North

1979- 87.
INPFC area
Depth
Year (m) Shumagin Chirikof Kodiak Yakutat Southeast
1979 101-~-200 7 4 6 6 2
201-300 7 5 7 10 5
301-400 7 5 8 11 6
401-500 7 5 9 11 6
501-600 6 4 9 11 6
601-700 6 4 8 11 5
701-800 6 4 7 11 5
801-900 5 1 4 9 4
2901-1,000 4 1 2 4 1
1980 101~-200 9 5 8 7 4
201-300 10 6 8 10 6
301-400 10 6 8 10 8
401-500 10 6 9 10 8
501-600 10 5 S 10 7
601~700 9 5 9 9 7
701-800 6 4 8 9 7
801-900 6 2 3 7 4
901-1,000 5 1l 2 6 1l
1981 101-200 9 6 7 8 1
201-300 10 6 9 11 1
301-400 10 6 9 11 9
401-500 10 6 9 11 9
501-600 10 6 9 11 9
601-700 9 4 9 11 9
701-800 7 2 7 11 9
801-900 6 1l 5 7 7
901-1,000 2 0 1l 2 1l
1982 101-200 9 5 7 10 4
201-300 9 6 9 11 9
301-400 10 5 9 11 8
401-500 10 6 9 11 8
501-600 10 5 ° 11 8
601-700 10 5 9 11 8
701-800 9 4 8 11 7
801-900 7 4 6 9 6
901-1,000 3 3 5 8 3
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Tabl e 1. --Conti nued.

INPFC area
Depth
Year (m) Shumagin Chirikof Kodiak Yakutat Southeast
1983 101-200 9 5 7 8 3
201-300 10 6 9 11 9
301-400 10 5 9 11 8
401-500 10 6 9 11 8
501-600 ‘ 10 5 9 11 8
601-700 9 5 9 11 7
701-800 8 4 8 11 7
801-900 5 4 4 10 7
901-1,000 2 0 1 5 2
1984 101-200 10 7 7 8 2
201-300 10 7 9 11 9
301-400 10 6 9 11 8
401-500 10 6 9 11 8
501-600 10 5 9 11 8
601-700 8 5 8 11 8
701-800 7 5 6 10 8
801-900 3 0 3 7 5
901-1,000 0] 0 0 6 1
1685 101-200 9 6 6 7 1
201-300 10 7 8 11 9
301-400 10 6 9 11 8
401-500 10 6 9 11 7
501-600 10 6 9 11 8
601-700 9 5 9 11 8
701-800 7 4 9 10 8
801-900 4 4 4 11 6
901-1,000 0 0 0 5 2
1986 101-200 -9 5 7 7 2
201-300 + 10 6 9 11 9
301-400 10 6 9 11 8
401-500 10 6 9 11 8
501-600 10 6 9 11 8
601-700 © 10 4 9 11 8
701-800 10 3 8 11 8
801-900 5 2 7 11 8
901-1,000 1 1 3 5 1
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Tabl e 1. --Conti nued.

‘ INPFC area
Depth
Year (m) Shumagin. Chirikof Kodiak Yakutat Southeast
1987 101-200 8 5 7 8 2
201-300 10 6 9 11 9
301-400 10 6 9 11 9
401-500 10 6 9 11 8
501-600 10 6 9 11 8
601-700 9 6 9 11 8
701-800 7 5 9 11 8
801-900 4 2 6 9 8
9201-1,000 0 1 2 3 3
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Table 2. --Areal sizes (knf) of the upper continental sl ope and
gully areas in the Gulf of Al aska by I|nternational
North Pacific Fisheries Comm ssion area and depth (n).

| NPEC Area

Depth (m  Shumagin Chirikof Kodi ak  Yakutat Southeast

Upper continental slopé

201-400 4,001 2,350 3,106 2,988 1,781
401-600 2,269 1,766 2,255 1,666 822
601-800 1,629 1,955 1,923 1,470 1,006
801-1,000 - 1,248 2,012 2,296 1,489 1,165
201-1,000 9,147 8,083 9,580 7,613 4,774

Gully areas

201-400 0 9,968 9,454 3,939 5,602
401-600 0 0 0 50 548
601-800 0 0 0 50 0
801-1,000 0] 0 0 0 0
201-1,000 0 9,968 9,454 4,039 6,150

Sources:  Shumagin, Chirikof, and Kodiak areas and Yakutat area
from 147-144 degrees |ongitude: (Pers. comun., E.
Brown, 1985. Northwest and Al aska Fisheries Center,
NOAA, RACE Division, 7600 Sand Point Way NE, Seattle,
WA 98115); Yakutat area from 144 to 137 degrees
| ongi tude and Sout heastern area: (R Haight, NWAFC,
Auke Bay Laboratory, P.Q Box 155, Auke Bay AK 99821
Pers. commun., April 1988).
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strata to calculate an RPN for each statistical area, and these
RPNs were summed across statistical areas to calculate an RPN for
the @ulf of Al aska.

Length conpositions were conputed for the upper continental
slope by strata and statistical area to exam ne sabl efish size
structure. For depths 201-1,000 m an RPN weighted |ength
frequency for each stratumin an area was constructed by
allocating the stratumis RPN to each centineter increnent of the
stratum s length frequency distribution based on the relative
nunbers of fish caught at that length increnent. For depths | QA -
200 m a sablefish catch per hachi weighted |ength frequency was
conputed for each area by the sane procedure used to conpute the
RPM wei ghted | ength frequencies. Sablefish catch per hach
val ues were used instead of RPNs because only a small fraction
of the area at depths 101-200 m was surveyed (depths |ess than
200 mgenerally are part of the continental shelf).

~Relative popul ation weights were conputed for the upper
continental slope to assess the relative biomass of sablefish by
strata and statistical area. A sablefish |ength-weight equation

W= 2,99 X 10°% x 1330

for the Gulf of Al aska (Sasaki 1985) was applied to the RPN

wei ghted | ength frequencies for depths 201-1,000 mto conpute RPW
wei ghted length frequencies for each stratumin a statistical

area. These weighted |length frequencies were summed across

length to calculate RPW by stratum and statistical area.

Rel ative popul ation weights were extrapolated for gully
areas in the Gulf of Alaska. @ully areas were not sanpled in the.
l ongline survey, but RPW were estimated because of the
managenent inportance of having estimates of sablefish relative
bi omass for these areas. @illy areas in the Qulf of Al aska
i ncl ude Shelikof Trough, Amatuli @lly and three small, unnaned
gullies close to Amatuli @il ly, the Wgrounds, Yakutat Vall ey,

Al sek Valley, Spencer Qully, Omuaney Trench, Iphigenia Qully, and
D xon Entrance (Fig. 2).

The RPW for the gully areas were estimated using areal size
estimates for gully areas (Table 2) and catch-and-I|ength
information fromthree sources: 1? Japan- U. S. cooperative
longline survey, 2) the domestic longline-survey (Sigler and
Zenger in prep.); and 3) experinental longline research in 1987
aboard the R'V John N bb.  Shelikof Trough was sanpl ed during
the domestic |ongline survey and Spencer Gully and Omaney Trench
were sanpled during the experinmental |ongline research. Catch
rates fromthe donestic |ongline survey and the experinental
l ongline research, which used simlar |ongline gear, were
corrected to the catch rates fromthe Japan-U.S. cooperative
| ongline survey based on a conparison of the catch rates fromthe
two |longline surveys (Sigler and Zenger in prep.). The resultant
catch rates and the length conpositions fromthe donmestic
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l ongline survey and experimental |ongline research were used to
compute RPW for Shelikof Trough, Spencer Gully, and Omaney
Trench. RPW for the remaining unsanpled gully areas, Anatuli
Qully and three nearby gullies, the Wgrounds, Yakutat Valley,
Al sek Valley, Iphigenia Qully, and D xon Entrance were based on
sl ope catch rates and |length conpositions for the statistical
area fromthe Japan-U.S; cooperative |ongline survey.

Rel ative popul ation weights extrapolated for the gully areas
were conbined with the RPW conputed for the upper continenta
slope to determne relative bionmasses for each North Pacific
Fi shery Managenment Council (NPFMC) nmanagenent area. Separate
rel ati ve biomasses were determned for the NPFMC areas because of
t he managenent inportance of estimating the relative bionass of
sabl efish by NPFMC area. The RPWfor the Yakutat | NPFC area was
allocated to the West and East Yakutat areas based on the area at
the depths examned. The RPWfor the East Yakutat area was then
conbined with the RPWfor the Southeastern area to produce an RPW
for the East Yakutat- Sout heastern NPFMC ar ea.

STATI STI CAL  METHCDS

The bootstrap nmethod (Efron 1982; Efron and Ti bshirani 1986)
was applied to test the statistical significance of annual
changes in RPNs. The bootstrap nethod was used to test the nul
hypothesis that the difference RPN' - RPN , = 0: where

I = year (1979-86), i' is any later year, and k = statistical
area (Shumagi n, Chirikof, Kodiak, Yakutat, and Sout heastern). An
approxi mate confidence interval was conputed for the difference
using the bootstrap nmethod, and then the statistical significance
of the difference was eval uated based on the location of the
confidence interval relative to zero. |f the 95% confi dence
interval for the difference did not include zero, then the nul
hypot hesis was rejected, and the annual change in the RPN was
considered statistically significant. The conputation of the RPN
and the test of the statistical significance of annual changes of
%he %PN are described in nore detail in Sigler and Fujioka

1988).

SURVEY AREA

Estimates of sablefish relative abundance in this report
generally were confined to the upper continental slope, whereas
revious estimtes of sablefish relative abundance from the
ongline survey (Sasaki 1987; Sigler 1987) included the upper
continental slope, the continental shelf, and gully areas. The
i nclusion of these unsurveyed areas, the continental shelf and
gully areas, in previous conputations of the RPN resulted in an
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apgarent overestimate of the RPN at 1A -1,000 min 1985 (Sigler
1987). Thus, conputation of estimates of sablefish relative
abundance in this report generally were limted to the upper
continental slope.

Areal size neasurenments of the Qulf of Al aska by Nationa
Marine Fisheries Service (NWS) scientists (Table 2) used in this
report are different from areal size measurenents used in |
previous reports (Sasaki 1987; Sigler 1987). Measurenents In
this report include a breakdown of area into upper continental
sl ope and gullies which were previously unavailable. This
increased detail allowed conputation of separate indices of
rel ative abundance for the upper continental slope and gullies.
Previous areal size neasurenments were conpared to those used in
this report to determne if they are markedly different (Table
3). Areal depths at 201-400 min the Chirikof, Kodiak, Yakutat,
and Sout heastern areas and for depths 401-600 min the
Sout heastern area are markedly larger for the two previous
reports because of gullies in these areas and depths (e.g.,
Shel i kof Trough). n the remai nder of the Qulf of Al aska, the
areal size estimates generally are simlar because they cover the
same area, the upper continenfal slope. There are a few notable
differences, for exanple, Shumagin area at depths 601-800 m and
one surprisingly large difference, Kodiak area at depths 401-600
m  Possi ble reasons for these differences are errors in
determning |l ocation of contours, neasuring areal sizes, and the
use of different scale charts which would give different |evels
of detail of the bathynetry.

TRENDS | N ABUNDANCE

Rel ati ve popul ation nunbers for the upper continental slope
of the Gulf of Al aska decreased significantly (9% p = 0.05)
from 1986 to 1987 (Tables 4-5, Fig. 3). Athough the RPN
dropped, sablefish abundance in 1987 still was nearly double the
abundance in 1979. A prelimnary analysis using the RPN wei ghted
length frequencies for 1986 and 1987 indicated that |ow
recruitnment in 1987 may account for the drop from 1986 to (1987
The RPN declined in all areas of the GQulf of Al aska except the
Chiri kof area which remai ned about the sane. The decreases in
t he Shumagi n and Kodi ak areas foll owed decreases from 1985 to
1987. The decreases from 1985 to 1987 in these two areas were
statistically significant (Sigler 1987).

Annual changes in the RPWfor the upper continental slope
general ly paralleled the annual change in the RPN (Fig. 4).
However, from 1986 to 1987 the RPWfor the Qulf of Al aska _
decreased only 5% (Table 6), whereas the RPN decreased 9% This
di fference between RPN and RPW could indicate that weight
i ncreases due to growh of individual fish partially conpensated
for decreased nunbers of fish in the popul ation.
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sizes (knf) used in this report

to areal sizes (knf) used in previous reports
(Sasaki 1987; Sigler 1987).

INPFC area Depth (m) A B

Shumagin 201-400 4,001 3,870
401-600 2,269 2,250
601-800 1,629 1,940
801-1,000 1,248 1,680

Chirikof 201-400 2,350 16,440
401-600 1,766 1,620
601-800 1,955 2,150
801-1,000 2,012 2,450

Kodiak 201-400 3,106 16,190
401-600 2,255 3,270
601-800 1,923 2,300
801~-1,000 2,296 2,300

Yakutat 201-400 2,988 9,740
401-600 1,666 2,240
601-800 1,470 1,420
801-1,000 1,489 1,350

Southeastern 201-400 1,781 7,490
401-600 822 1,340
601-800 1,006 990
801-1,000 1,165 1,260

A= Areal SiZes Used Tntms report These 1 ncl ude the upper

Cco

B = Areal

nti nent al

Sasaki

[ sizes used in Sasaki
i ncl ude the upper continental
of Al aska.

slope of the Qulf of Al aska.
(1987) and Sigler (1987);

t hese

slope and gully areas of the Gulf
sizes expressed in tens of

(1987) used areal

square kiloneters to conpute relative popul ation number (RPN
whereas Sigler
Kiloneters to compute RPN, with the result that RPN estinates

fromthe two reports wll

(1987) used areal

Si zes expressed in square

differ by an order of magnitude.
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Table 4. --Rel ative popul ation nunbers (RPNs) of sablefish

(Anopl opoma finbria) for the upper continental slope of
the Gulf of Alaska. Japan-U.S. cooperative |ongline
survey, 1979-87.
Statistical Depth (m)
area/year 201-400 401-600 601-800 801-1,000 201-1,000
Gulf of Alaska
1979 83,739 61,021 44,120 33,898 222,778
1980 93,030 41,770 40,653 27,703 203,156
1981 105,420 78,603 47,073 23,627 254,723
1982 146,639 94,262 75,949 47,701 364,551
1983 149,533 89,618 75,396 32,869 347,416
1984 147,415 97,540 77,463 46,252 368,670
1985 161,191 128,844 100,190 77,037 467,262
1986 162,668 135,238 108,808 63,984 470,698
1987 143,006 115,854 109,191 59,490 427,540
Shumagin
1979 15,370 13,475 5,465 2,665 36,975
1980 20,325 7,457 4,200 2,552 34,534
1981 28,848 16,471 4,706 1,028 51,053
1982 54,929 20,072 7,254 2,714 84,969
1983 62,431 25,955 8,361 897 97,644
1984 59,957 25,134 8,205 663 93,959
1985 67,227 35,391 15,403 2,833 120,854
1986 57,633 34,540 14,572 1,822 108,567
1987 44,453 29,146 12,424 2,029 88,052
Chirikof
1979 21,041 15,382 9,944 5,584 51,951
1980 19,469 8,220 6,983 4,175 38,847
1981 19,582 15,247 6,746 0 41,575
1982 30,563 20,993 19,000 8,952 79,508
1983 26,632 16,516 20,197 6,892 70,237
1984 28,496 25,764 21,699 6,669 82,628
1985 35,873 24,617 16,816 6,897 84,203
1986 37,322 24,979 19,489 15,262 97,052
1987 33,550 22,400 24,094 17,779 97,823
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Tabl e 4. --Conti nued.

Statistical Depth (m)

area/year 201-400 401-600 601-800 801-1,000 201-1,000

Kodiak
1979 19,842 14,604 9,233 12,743 56,422
1980 19,790 10,440 9,582 3,773 43,585
1981 16,870 18,251 10,511 6,624 52,256
1982 20,440 22,542 19,422 12,665 75,069
1983 27,068 23,256 18,848 8,386 77,558
1984 26,599 22,546 20,522 14,630 84,297
1985 25,881 32,903 27,248 - 37,996 124,028
1986 27,066 33,002 26,881 12,902 99,851
1987 24,875 24,443 27,844 15,889 93,051

Yakutat
1979 15,903 9,721 9,075 3,995 38,694
1980 18,487 7,892 9,625 7,821 43,825
1981 21,365 18,524 12,281 5,577 57,747
1982 25,751 20,425 17,794 10,426 74,396
1983 20,381 13,397 14,015 6,057 53,850
1984 19,343 14,884 14,014 9,658 57,899
1985 17,001 23,157 23,545 15,224 78,927
1986 22,300 28,540 29,622 19,131 99,593
1987 - 25,153 26,506 26,615 9,370 87,645

Southeastern
1979 . 11,583 7,839 10,403 8,911 38,736
1980 14,959 7,761 10,263 9,382 42,365
1981 18,755 10,110 12,829 10,398 52,092
1982 14,956 10,230 . 12,479 12,944 50,609

. 1983 13,021 10,494 13,975 10,637 48,127

1984 13,020 9,212 13,023 14,632 49,887
1985 15,209 12,776 17,178 14,087 59,250
1986 18,347 14,177 18,244 14,867 65,635

1987 14,974 13,359 18,214 14,422 60,969




257

Table 5. --Statistical significance of annual changes in relative
popul ation nunbers (RPN s) of sablefish for the upper
continental slope of the Gulf of Al aska. Japan-U.S.
cooperative |ongline survey, 1979-87.

1980 1981 1982 1983 1984 1985 1986 1987

Gulf of Alaska

1979 (o} + + + + + + +
1980 + + + + + + +
1981 + + + + + +
1982 (o] o + + +
1983 o + + +
1984 + + +
1985 o 0
1986 -
Shumagin
1979 - o o + + + + + +
1980 (o] + + + + + +
1981 + + + + + +
1982 o o + + o)
1983 o) o] o o)
1984 (o) o o)
1985 o) -
1986 0
Chirikof
1979 o] o] + + + + + +
1980 o + + + + + +
1981 + + + + + +
1982 : o (o] o] + +
1983 0 o) + +
1984 o] o] o)
1985 o o
1986 o)
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Tabl e 5. --Conti nued.

1980 1981 1982 1983 1984 1985 1986 1987

Kodiak
1979 - o + + + + + +
1980 o + + + + + +
1981 + + + + + +
1982 0 o] + + +
1983 (o] + + (o]
1984 + o 0
1985 o -
1986 o
Yakutat
1979 o] + + + + + + +
1980 + + o + + + +
1981 + (o) o + + +
1982 - - o} + o)
1983 o + + +
1984 + + +
1985 + o
1986 o
Southeastern
1979 o + + o + + + +
1980 0 o o] 0 + + +
1981 o o o (o] + o]
1982 o e o] + o
1983 0 0 + o)
1984 o + o)
1985 o o
1986 o

RPN val ues between years were considered significant if the 95%
confidence intervals of the annual differences (from

boot strappi ng) did not include zero. The synbols used are
defined as foll ows:

+ signifies a significant increase in RPN,

- signifies a significant decrease in RPN

o signifies no significant change.
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Figure 3.--Relative popul ation nunmber (RPN) of sablefish for the
upPer continental slope at depths 201-1,000 min the
Qul f of Alaska (Shumagin, Chirikof, Kodiak, Yakutat,
and Sout heastern areas) fromthe Japan-U.S.
cooperative longline survey, 1979-87. Double |lines
(==) indicate a statistically significant annual

change.
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Table 6. --Relative popul ation weights (RPW) of sablefish
(Anopl opoma finbria) for the upper continental slope

of the @ulf of Al aska. Japan-U.S. cooperative
l ongline survey, 1979-87.

Statistical Depth (m)

area/year 201-400 401-600 601-800 801-1,000 201-1,000

Gulf of Alaska
1979 225,978 187,544 129,232 108,377 651,131
1980 212,560 112,441 123,045 88,592 536,638
1981 260,210 198,832 132,837 79,324 671,203
1982 350,101 249,094 222,686 164,994 986,875
1983 398,414 236,393 209,945 108,166 952,918
1984 408,094 267,733 220,098 115,263 1,011,188
1985 474,298 382,282 320,502 278,624 1,455,706
1986 469,289 414,391 348,120 204,945 1,436,745
1987 438,352 368,108 365,366 197,856 1,369,682

Shumagin
1979 34,351 41,321 17,131 8,095 100,898
1980 49,341 23,055 14,562 8,588 95,546
1981 63,372 44,794 16,333 3,547 128,046
1982 128,552 57,519 25,107 10,163 221,341
1983 166,623 74,781 27,104 3,014 271,522
1984 166,866 75,782 26,664 2,218 271,530
1985 194,746 106,711 50,371 8,021 359,849
1986 162,000 108,550 48,213 3,656 322,419
1987 138,789 92,337 42,355 5,583 279,064

Chirikof
1979 52,600 48,072 29,776 18,883 149,331
1980 49,474 24,049 22,696 13,863 110,082
1981 43,892 35,019 17,581 0 96,492
1982 75,102 53,223 56,279 28,608 213,212
1983 66,910 42,031 58,115 21,143 188,199
1984 76,007 68,205 60,642 0 204,854
1985 106,720 . 72,450 47,431 19,673 246,274
1986 118,828 79,505 58,365 38,267 294,965
1987 106,295 76,114 84,437 53,688

320,534
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Tabl e 6. --Conti nued.

Statistical Depth (m)

area/year 201-400 - 401-600 601-800 801-1,000 201-1,000

Kodiak
1979 57,675 44,089 27,587 40,135 169,486
1980 45,903 25,860 30,995 13,122 115,880
1981 38,634 - 45,345 32,116 24,551 140,646
1982 50,541 52,825 55,724 45,490 204,580
1983 70,186 50,949 47,369 26,260 194,764
1984 69,959 54,013 53,878 35,002 212,852
1985 80,088 - 91,220 90,665 146,751 408,724
1986 76,385 95,446 87,691 43,937 303,459
1987 72,520 71,536 90,712 55,936 290,704

Yakutat
1979 52,218 - 30,634 25,950 12,809 121,611
1980 39,069 19,447 26,040 25,846 110,402
1981 58,905 44,432 30,036 17,140 150,513
1982 57,522 54,139 48,155 36,073 195,889
1983 55,812 36,539 37,037 20,779 150,167
1984 55,947 41,579 40,836 33,009 171,371
1985 47,762 72,534 78,990 54,295 253,581
1986 57,860 85,577 95,031 67,919 306,387
1987 76,582 84,307 88,059 33,224 282,172

Southeastern
1979 29,134 23,428 28,788 28,455 109,805
1980 28,773 20,030 28,752 27,173 104,728
1981 55,407 29,242 - 36,771 34,086 155,506
1982 38,384 31,388 37,421 44,660 151,853
1983 38,883 32,093 40,320 36,970 148,266
1984 39,315 28,154 38,078 45,034 150,581
1985 44,982 39,367 53,045 49,884 187,278
1986 54,216 45,313 58,820 51,166 209,515

1987 44,166 43,814 59,803 49,425 197,208
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BI OVASS DI STRI BUTI ON

In 1987, the RPW for the upper continental slope for the
Shumagi n, Chirikof, Kodiak, and Yakutat areas were approxi mately
the sane, with a smaller RPWfor the Southeastern area &Table 6) .
This pattern issimlar to that seen in 1986, although the area
with the |argest RPW changed from the Shunagin area in 1986 to
the Chirikof area in 1987.

In 1986, the NPFMC used the survey's RPWvalues to allocate
sabl efi sh catch quotas to NPFMC nanagenent areas in the Qulf of
Alaska. The RPWval ues used were for depths 401-1,000 mfor the
upper continental slope and gully areas, where nost of th%
comrerci al |y exploitabl e biomass of sablefish is found. he 1987
RPW val ues for depths 401-1,000 mfor the upper continental slgﬁe
and gullies were very simlar to the 1986 values (Table 7a). €
RPWtor the Central NPFMC area was again | argest and was greater
than the conbined total of the second (East Yakutat- Southeastern)
and third gVést Yakutat) largest RPW. Notable differences
bet ween 1986 and 1987 were the decrease in the relative size of
the RPWfor the Wst Yakutat area and the increase in the
relative size of the RPWfor the East Yakutat-Southeastern area.

Rel ati ve popul ation weights were also conputed for depths
201-400 m for the upper continental slope and gully areas because
of the managenent inportance of knowing the relative biomss of
sabl efi sh by NPFMC area at these depths. The relative size of
the RPW by NPFMC area changed when depths from 201 to 400 m were
included in the conputations (Table 7b,c). In particular,
relative sizes of RPW for the Western and Central areas were
much larger for 201-1,000 mthan for 401-1,000 m The relative
size of the RPWfor the Western area was narkedly | arger because
t he upper continental slope in this area is relatively large at
depths 201-400 m The relative size of the RPWfor the Central
area was also nuch |arger when the area for the upper continental
slope and gully areas from 201 to 400 mwere included in the
conmput ation since these depths include the |arge Shelikof Trough
area and other gullies east of Kodiak Island.

LENGTH COVPCSI TI ONS

Sabl efish | ength conpositions by sex for the upper
continental slope were simlar for all |INPFC areas and depths in
1987 (Figs. 5-8). This is in contrast to 1986, when the
Sout heastern area had relatively nore large fish than other areas
of the Qulf of Alaska (Sigler 1987). Mdes were present from 46
to 55 cmFL for nales and from46 to 58 cm FL for females in the
Yakutat area at 201-400 mand from49 to 59 cmFL for fenales in
t he Southeastern area at 201-400 m (Fig. 6). The nodes in the
Yakutat area at 201-400 min 1987 were simlar to the nodes seen
there in 1986.
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Table 7a. --Rel ative popul ation weights (RPW) of sablefish
(Anopl opoma finbria) for the upper continental slope
and gully areas for depths 401-1, 000 m by North
Paciftic Fishery Managenent counci | managenent area,
expressed as a percentage of the RPWfor the Qulf of
Al aska at the sane depth and topography. Japan-U S
cooperative longline survey, 1986-87.

Management Year

area 1986 1987
Western 15.0 14.5
Central 44.0 | 44.8
W. Yakutat 20.0 17.5
E. Yakutat/ 21.0 23.2

Southeastern

Table 7b. --Rel ative popul ation weights (RPW) of sablefish
(Anopl oporma finbria) by North Pacific Fishery
Managenent Council managenent area, depth, and
topo aphy, expressed as a percentage of the RPWfor
%h of Al aska by the sanme depth and topography.
Japan U. S. cooperative longline survey, 1987.

Managenent

area A B C

Western 14.5 19.9 12.6

Central 44.8 43.6 52.5

W. Yakutat 17.5 15.3 13.4

E. Yakutat/ 23.2 21.2 21.5
Southeastern -

A = upper continental slope 401-1,000 m and gully areas
401-1,000 m.
B = upper continental slope 201-1,000 m and gully areas
401-1,000 m.
C = upper continental slope 201-1,000 m and gully areas
201-1,000 m.
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Table 7c. --Rel ative popul ation weights (RPW) of sablefish
(Anopl opoma finbria) by North Pacific Fishery

Managenment Counci| managenent area, depth, and
t opography. Japan-U.S. cooperative |ongline survey,

1987.

Managenent
ar ea A B C
Western 140,275 279,064 279,064
Central 432,423 611,238 1,163,515
W. Yakutat 168,631 214,677 295,975
E. Yakutat/ 223,407 298,109 477,089

Southeastern
Gulf of Alaska 964,736 1,403,088 2,215,642

A = upper continental slope 401-1,000 m and gully areas
401-1,000 m. ‘

B = upper continental slope 201-1,000 m and gully areas
401-1,000 m. |

C = upper continental slope 201-1,000 m and gully areas
201-1,000 m.
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Figure 5. --Relative popul ati on nunber (RPN) weighted |ength
frequencies of sablefish of the upper continental
sl ope at depths 201-1, 000 m shown for the Shunagin,
Chiri kof , Kodi ak, Yakutat, and Sout heastern
I nternational North Pacific Fisheries Conm ssion
areas. Japan-U.S. cooperative longline survey, 1987
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Figure 6. --Rel ative popul ati on nunmber (RPN) weighted |ength
frequenci es of sablefish of the upper continental
sl ope at depths 201-400 m shown for the Shumagin,
Chirikof, Kodiak, Yakutat, and Southeastern
I nternational North Pacific Fisheries Conmi ssion
areas. Japan-U.S. cooperative longline survey, 1987.
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YEAR CLASS STRENGTH

Sabl efish recruiting to the survey area first appear at
depths 101-200 m and strong year classes are distinguishable in
the length conpositions- at these depths. The |ength conpositions
from 1979 to 1986 have been used previously to docunent the
strong 1977 and 1980 year classes (Sigler and Fujioka 1988).
Modes at depths 101-200 mat 45-47 cm FL in the Chirikof and
Kodi ak areas in 1986 and at 55 cm FL in the Shunmagin, Chirikof,
Yakut at, and Sout heastern areas in 1987 (Fig. 9) may be due to a
strong 1984 year class. Mdes at 51-54 cm FL in the Shunmgin,
Yakutat, and Sout heastern areas for depths 101-200 m al so were
observed in the donestic longline survey (Sigler and Zenger in
prep.). The reason for the difference in nodal |engths between
the cooperative longline survey and the donestic |ongline survey
I's unknown. The nodal length at 55 cm FL from the cooperative
IonPIine survey in 1987, however, is larger than ang reported for
sablefish 3+ years of age (MFarlane and Beam sh 1983, saki
1985; Kastelle®). The prospect of an above average 1984 year
class has been previously noted for both the @ulf of Al aska
(Sigler 1987) and the eastern Bering Sea (MDevitt 1987). This
year class is expected to primarily recruit to the fishery in
1989.

Recrui tment of the stron? 1977 and 1980 year classes
probably was responsible for large RPN increases from 1981 to
1982 and 1984 to 1985, resEectiver (Sigler and Fujioka 1988).
In the years preceding each of these increases, 1980 to 1981 and
1983 to 1984, the RPN also increased (Fig. 3). These increases
were probably due to partial recruitnment of the 1977 and 1980

year classes, respectively. If this pattern of recruitnent
repeats itself, then the strong 1984. year class wll partially
recruit in 1988 and primarily recruit 1n 1989. | nst ead of

declining as it did from 1986 to 1987, sabl efish abundance nmay
decrease only slightly or remain about the sane from 1987 to 1988
and increase from 1988 to 1989 as a result of this recruitnent.

~ *Craig Kastelle, Northwest and Al aska Fisheries Center,
National Marine Fisheries Service, NOAA, 7600 Sand Point Way NE,
BIN C15700, Seattle, WA 98115.
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Figure 9.--Catch per hachi weighted length frequencies of
sabl efi sh of the upper continental sl|lope at depths
101- 200 m shown for the Shumagi n, Chirikof, Kodi ak,
Yakutat, and Southeastern International North Pacific
Fi sheries Conmi ssion areas. Japan-U.S. cooperative
| ongline survey, 1986-87.
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U S. RESEARCH SURVEYS CONDUCTED IN 1988
AND PLANNED FOR 1989 IN THE NORTHEAST PACI FIC OCEAN

by
Lael L. Ronholt

U S. RESEARCH GULF OF ALASKA | N 1988

Resource Assessnent

Wl | eye pollock

Juvenil es--During August-Septenber 1988, Northwest and
Al aska Fisheries Center (NWAFC) scientists fromthe Resource
Assessnent and- Conservation Engineering Division (RACE) conpleted
a hydroacoustic/trawl resource assessnent survey of the juvenile
wal  eye pollock (Iheragra chalcogramm) in the western Qulf of
Al aska aboard the chartered vessel Alaska  Approximately 2,500
mles of trackline were surveyed from Uni mak Pass to Kodi ak
Island. Target verification sanpling was conducted with a 61
foot high opening shrinp traw equipped with a small nesh |iner.

Hvdr oacoustic-- From 6 to 9 March 1988, RACE Division
scientists conducted an echo integration/mdwater traw survey of
spawni ng wal | eye pollock in Shelikof Strait. Two replicate
surveys were made using the NOAA ship MIler Freeman. Biologica
data col | ected included size, sex, weight, and age and maturity
conposition. Tenperature and salinity profiles were obtained at
sel ected | ocations using expendabl e bat hyt her nograph probes (XBT)
or conductivity, tenperature, and depth (CTD) profilers.

Sabl ef i sh

Longline survey--Scientists fromthe NWAFC RACE Division and
Auke Bay Laboratory (ABL) conpleted the second annual |ongline
survey of the upper continental slope of the @il f of Alaska
aboard the chartered research vessel Prower  During July-
Sept enber 1988, the 47 traditional longline stations fromthe
| sl ands of Four Muntains to D xon Entrance were sanpled al ong

with 12 new stations located in gullies throughout the Qulf of
Al aska.

Juveniles--During March-April 1988, the NOAA ship Miurre 11
was used to conduct a juvenile sablefish survey on the inside
wat ers of Sout heastern Al aska. During Cctober-Novenber 1988, ABL
scientists will conduct another survey for juvenile sablefish
t hroughout the inshore waters of Southeastern Al aska aboard the
NOAA ship John N Cobb.
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Survey Support Studies
Sabl ef i sh

During March and May- August 1988, ABL scientists conducted
several experinents aboard the NOAA ship John N Cobb. They
assessed the relative effects of different baits. (herring and
squi d) and al so gangion length on the catch rates of the
sabl efish longline gear to conpare catch rates of two-different
sizes of circle hooks. Also, sablefish were tagged for age
val i dation using oxytetracycline injections and sonic tags used
to determne the novenents of sablefish in Southeastern A aska.

Rockfi sh

From May to August 1988, scientists from ABL used the NOAA
ship John N. Cobb to conduct a hydroacoustic study of the Pacific
ocean perch popul ations off Southeastern Al aska and sanpl ed
sel ected rockfish species for life- history data. A nanned
subnersi ble was al so used in conjunction with the NOAA ship John
N. Cobb to study the behavior of Pacific ocean- perch.

Egg and Larvae Studies

During April-June 1988, ichthyoPIankton surveys focusing on
the early life history of walleye pollock were conducted aboard
the NOAA ship Mller Freeman. Specific objectives were to 1)
estimate the magni tude of the spawning stock in Shelikof Strait,
2) relate the distribution of eggs and |arvae to oceanographic
conditions, and 3) trace the drift and assess the feeding
condition of larvae. This research was part of the Fisheries-
Cceanography Coordinated Investigations (FOCl), a NOAA research
program t hrough NWAFC and the Pacific Marine Environnental
Laboratory (PMEL), to investigate causes of recruitnment variation
in economcally inmportant fish and shellfish popul ations.

Qceanogr aphy

ABL scientists conducted an oceanographic, study of the Sitka
Eddy area off Southeastern Al aska during My-August 1988 aboard
t he NOAA ship John N Cobb.

COOPERATI VE RESEARCH GULF OF ALASKA 1988

Longl i ne Survey

During May-Septenber 1988, a U S. -Japan cooperative |ongline
survey for sablefish (Anoplopoma finbria) and associ ated species
was conducted throughout the Al eutian Islands, Bering Sea, and
the Qulf of Al aska aboard the chartered Japanese research vesse
Tom Maru No. 88. Scientific operations were planned by
scientists at the Far Seas Fisheries Research Laboratory,
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Shim zu, Japan and inplenented by scientists fromthe Japan
Marine Fisheries Resource Research Center (JMARC) and the NWAFC
RACE Division and ABL.

Eggs and Larvae

A cooperative U S -U S S. R ichthyoplankton survey was
conducted 1n the central Qulf of Al aska aboard the Soviet
research vessel Darwin from March to May 1988: The survey was
coordinated wth the NWAFC and PMEL FOCI research program

U. S. RESEARCH WEST COAST

The NWAFC in cooperation wth the Southwest Fisheries Center
(SWFC) conpleted sanpling to study the distribution, abundance,
and spawni ng of sabl efish and Dover sole (hAcrostonus paci fi cus)
off the Washington-California coasts during Novenber-Decenber of
1988 aboard the NOAA ship MIler Freeman. Bottomtraw and
I cht hyopl ankt on sanples were collected to determne the pattern
of spawning as a function of tine, area, depth, size, and age.
These data will be used to establish the feasibility of
estimating spawni ng stock abundance with egg production nethods.
Gt her objectives were to obtain an area-swept abundance estinate
and data on size and age at first maturity, determne fecundity
and proportion of active oocytes as a function of size and age at
first maturity, determne fecundity and proportion of active
oocytes as a function of size and age, tag Luvenlle sablefish in
a continuing study of novenents, and describe the upper slope
speci es conplex and changes in conponents and behaV|or related to
depth and season. Standard neasurenents of physical
oceanographi c parameters will also be collected.

A sabl ef i sh abundance indexi ng survey was conducted off
California and southern Oregon during Cctober-Novenber 1988. The
survey is part of a series of surveys alternating annually
bet ween the northern and southern portions of the west coast
aimed at nonitoring |long-termchanges in relative abundance.
Rectangul ar traps were set at depths of 150-700 fathons at nine
index sites and were fished in a standardi zed manner to obtain
conpar abl e nmeasures of catch per unit effort (CPUE). Biologica
data were collected and sabl efish were double tagged to determ ne
the rate of tag loss and to study fish novenents by size and age.
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PLANNED U.S. RESEARCH- GULF OF ALASKA 1989

Resource Assessnent

Wil | eye pollock

During March 1989, an echo integration-mdwater trawl survey
of the spawning pollock concentration in Shelikof Strait is
schedul ed aboard the NOAA ship Ml ler Freeman

Sabl efi sh

Longline survey--From July to Septenber 1989, the NWAFC RACE
D vision and ABL are anticipating conducting the third annual
l ongline survey for sablefish and associ ated species of the Qulf
of Alaska. The survey, which will require chartered |ongline
Ye?sehs, may be extended into the Bering Sea and the Al eutian
sl ands.

Juvenil es-- ABL scientists will use the NOAA ship John N
Cobb to conduct a survey to determne the distribution and
abundance of juvenile sablefish and to study sablefish.
repr oduct i on.

Survey Support Studies
Sabl ef i sh

Scientists fromABL will continue to study short-term
nmovenents of sablefish in Icy Strait using sonic tags to verify
the effectiveness of oxytetracycline injections for validating
sabl ef i sh a?elng techniques. Also, a hooking nortality study
w Il be inplenented.

Rockfish
ABL scientists plan to continue their hydroacoustic studies

of Pacific ocean perch (Sebastes alutus) off Southeastern Al aska
utilizing the NOAA ship John N Cobb.

Qceanogr aphy

A continuation of the oceanographic survey of Sitka Eddy is
pl anned by ABL scientists also using the NOAA ship John N Cobb.

Fi sheri es- ceanogr aphi ¢ _Coor di nat ed
| nvest i gations

FOCI wi Il again conduct support investigations designed to
el ucidate the recruitment nechani snms of commercially inportant
fish and shellfish. Field research will continue and several
cruises are planned during April-June using the NOAA ship Ml er
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Freeman to trace the devel opnent, distribution, drift, and
feeding condition of eggs and | arvae of walleye poll ock.

PLANNED U.S. COOPERATI VE RESEARCH GULF OF ALASKA 1989

During March-May 1989, cooperative U S.-U S. S. R
i cht hyopl ankt on surveys are planned for the_central Qulf of
Al aska utilizing Soviet research vessels. These surveys wll be
coordinated with the Al aska Fisheries Science Center and PMEL
FOCl program

PLANNED RESEARCH WEST COAST 1989

Resource Assessnent

The fifth in a series of triennial bottomtraw -
hydr oacousti c surveys of inportant groundfish species off the
coast of Washington, Oegon, and California will be conducted
during Jul y-Septenber 1989. The target species will be Pacific
whiting (Merluccius productus) but catch and biol ogical data Y¥II
al so be collected froma w de range of groundfish species. The
data will becone a part of a conprehensive tine series database
started in 1977 to nonitor long-termtrends in west coast
groundfish popul ati ons.

A sabl efi sh abundance indexing survey will be conducted off
t he Washi ngton_and northern Oregon coasts during Septenber-
Cctober 1989. Traps will be set at 5-6 depths between 150-700
fathons at 8 index sites. Traps on longlines will be fished in a
standardi zed method to obtain conparable neasures of CPUE.  S€X,
age, and length frequency data will be collected and the ongoing
sabl efish taggi ng- program to study popul ation novements wll be
continued: the programw || include double tagging for estimating
tag | oss.

Hydr oacoustic

During July-August 1989, an echo integration-m dwater traw
survey of the Pacific whiting off the west coast is schedul ed
aboard the NOAA ship Mller Freenmnn

Sabl ef i sh

During February-March 1989, the NWAFC and SWFC plan a second
cooperative survey to investigate the reproductive biology and
the egg and larval distributions of Dover sole and sablefish in
t he Washington-California coastal waters. Survey plans include,
the use of the NOAA ship David Starr Jordan
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